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(57) ABSTRACT 

The present invention relates to an ole?nic thermoplastic 
elastomer composition Which comprises a crystalline poly 
ole?n resin (A), an ethylene-ot-ole?n-non-conjugated poly 
ene copolymer rubber (B) and at least on rubber (C) selected 
from polyisobutylene, butyl rubber and a propylene-ethyl 
ene copolymer rubber having a propylene content of 50 mol 
% or more or an ethylene-ot-ole?n copolymer (D) having a 
density of 0.870 to 0.940 (g/cm3) and an ethylene content of 
85 mol % or more, said ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber (B) being crosslinked thermo 
plastic elastomer composition, being obtained by random 
copolymeriZation of ethylene, and ot-ole?n having 3 to 20 
carbon atoms and a non-conjugated polyene in the presence 
of a metallocene catalyst, (1) containing the unit (a) derived 
from the ethylene and the unit (b) derived from the ot-ole?n 
in a molar ratio of 40/60 to 95/5 [(a)/(b)], (2) having an 
iodine value of 1 to 50 and (3) having an intrinsic viscosity 
[1]] measured in decalin at 135° C. of 1.0 to 10 dl/g; and 
relates to a method for manufacturing the same. 
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OLEFINIC THERMOPLASTIC ELASTOMER 
COMPOSITION AND METHOD FOR PRODUCING 

THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an ole?nic ther 
moplastic elastomer composition, more particularly to an 
ole?nic thermoplastic elastomer composition that can pro 
vide a molded product excellent in tensile strength and 
tensile elongation at break and the like and to a method for 
producing the same. 

[0002] An ole?nic thermoplastic elastomer composition, 
being light and easy to be recycled, is Widely used for 
automobile parts, industrial machine parts, electronic/elec 
tric instrument parts, construction materials and the like as 
an energy-saving and resources-saving thermoplastic elas 
tomer particularly in place of a vulcaniZed rubber. 

[0003] The conventional ole?nic thermoplastic elastomer, 
hoWever, has the defect that it has poorer tensile strength and 
tensile elongation at break compared to a vulcaniZed rubber, 
and improving the defect has been desired strongly. 

[0004] As one of the ole?nic thermoplastic elastomers 
having these characteristics improved, there has been pro 
posed a thermoplastic elastomer comprising an ethylene-ot 
ole?n-non-conjugated polyene copolymer polymeriZed by 
using a metallocene catalyst. (JP-A-9-012790) 

[0005] HoWever, although such a thermoplastic elastomer 
possesses improved tensile strength, tensile elongation at 
break and compression set compared to the conventional 
thermoplastic elastomer, the characteristics are still inferior 
to those of the vulcaniZed rubber, and a further improvement 
has been desired. 

[0006] The inventors found, as a result of the study to 
solve the foregoing problem, that a thermoplastic elastomer 
Which Was further enhanced in tensile strength and tensile 
elongation at break could be obtained by using a speci?ed 
rubber in a speci?ed proportion. 

[0007] Moreover, the inventors found that a thermoplastic 
elastomer further excellent in tensile strength, tensile elon 
gation at break and compression set could be obtained by 
dynamically heat treating a crystalline polyole?n resin and 
an ethylene-ot-ole?n-non-conjugated polyene copolymer 
rubber under speci?ed conditions in the presence of a 
crosslinking agent, thus accomplishing the present inven 
tion. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0008] The present invention is to solve the problem of the 
prior art technology as mentioned above and to provide a 
thermoplastic elastomer composition superior in the char 
acteristics of tensile strength, tensile elongation at break and 
the like. 

[0009] The present invention includes the folloWing 
inventions. 

[0010] An ole?nic thermoplastic elastomer compo 
sition comprising 10 to 60 Wt. parts of a crystalline 
polyole?n resin (A), 88 to 38 Wt. parts of an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B) 
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consisting of ethylene, an ot-ole?n having 3 to 20 
carbon atoms and a non-conjugated polyene and 2 to 30 
Wt. parts of at least one rubber (C) selected from 
polyisobutylene, butyl rubber and a propylene-ethylene 
copolymer rubber having a propylene content of 50 mol 
% or more,(the total of (A), (B) and (C) being 100 Wt. 
parts), said ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) being a crosslinked thermoplas 
tic elastomer composition, said ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber (B) being 
obtained by random copolymeriZation of ethylene, an 
ot-ole?n of 3 to 20 carbon atoms and a non-conjugated 
polyene in the presence of a metallocene catalyst, (1) 
containing the unit (a) derived from the ethylene and 
the unit (b) derived from the ot-ole?n of 3 to 20 carbon 
atoms in a molar ratio of 40/60 to 95/5 [(a)/(b)], (2) 
having an iodine value of 1 to 50, and (3) having an 
intrinsic viscosity [1]] measured in decalin at 135 ° C. of 
1.0 to 10 dl/g. 

[0011] (ii) An ole?nic thermoplastic elastomer compo 
sition comprising 10 to 60 Wt. parts of a crystalline 
polyole?n resin (A), 88 to 38 Wt. parts of an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B) 
consisting of ethylene, an ot-ole?n having 3 to 20 
carbon atoms and a non-conjugated polyene and 2 to 40 
Wt. parts of an ethylene-ot-ole?n copolymer (D) having 
a density of 0.870 to 0.940 (g/cm3) and an ethylene 
content of 85 mol % or more (the total of (A), (B) and 
(D) being 100 Wt. parts), said ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber (B) being a 
crosslinked thermoplastic elastomer composition, said 
ethylene-ot-ole?n-non-conjugated polyene copolymer 
rubber (B) being obtained by random copolymeriZation 
of ethylene, an ot-ole?n of 3 to 20 carbon atoms and a 
non-conjugated polyene in the presence of a metal 
locene catalyst, (1) containing the unit (a) derived from 
the ethylene and the unit (b) derived from the ot-ole?n 
of 3 to 20 carbon atoms in a molar ratio of 40/60 to 95/5 
[(a)/(b)], (2) having an iodine value of 1 to 50, and (3) 
having an intrinsic viscosity [1]] measured in decalin at 
135° C. of 1.0 to 10 dl/g. 

[0012] (iii) A thermoplastic elastomer composition 
according to said or (ii), Wherein said ethylene-ot 
ole?n-non-conjugated polyene copolymer has (4) a 
[gn*(=[n]/[n]blank)] of 0.2 to 0.95 Which is a ratio of 
the intrinsic viscosity [1]] measured as above-men 
tioned (3) to the intrinsic viscosity [11]blank measured in 
decalin at 135° C. for a linear ethylene-propylene 
copolymer having an ethylene content of 70 mol % and 
having the same Weight average molecular Weight (by 
light scattering method) as the ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber having that 
intrinsic viscosity 

[0013] (iv) A thermoplastic elastomer composition 
according to said (iii), Wherein said ethylene-ot-ole?n 
non-conjugated polyene copolymer rubber (B) has (5) 
an intensity ratio D(Tot[3/Totot) (a ratio of TotB to Totot 
in 13C-NMR spectrum) of 0.5 or less, has (6) a B value 
of 1.00 to 1.50 Which is obtained from 13C-NMR 
spectrum and the folloWing formula, 
B Va1ue=[P0E]/(2'[PE]'[P0]) 

[0014] Wherein, [PE] being a molar fraction of the 
unit (a) derived form ethylene in the random copoly 
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mer rubber, [PO] being a molar fraction of the unit 
(b) derived from ot-ole?n in the random copolymer 
rubber, and [POE] being a ratio of the ot-ole?n/ 
ethylene chain number to the total dyad chain num 
ber in the random copolymer rubber, 

[0015] and has (7) a glass transition temperature (Tg) 
obtained by DSC of —50° C. or loWer. 

[0016] (v) A thermoplastic elastomer composition 
according to any of said to (iv) Which is produced by 
dynamic heat treatment according to the conditions 
shoWn in the following formula, 

[0017] (Wherein T is a resin temperature (° C.) at the 
die exit of extruder, X is a screW diameter of 
extruder, Y is a maximum shear rate (sec-1) gener 
ated in extruder and Z is an extrusion amount (kg/h). 

[0018] (vi) A thermoplastic elastomer composition 
according to said (v) Which is produced by dynamic 
heat treatment in the presence of a crosslinking agent. 

[0019] (vii) A thermoplastic elastomer composition 
according to said (vi), Wherein said crosslinking agent 
is an organic peroxide. 

[0020] (viii) A thermoplastic elastomer composition 
according to any of said to (vii) Which contains 2 to 
100 Wt. parts of a softening agent and/or 2 to 100 
Wt. parts of an inorganic ?ller to the total 100 Wt. 
parts of said crystalline polyole?n resin (A), ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber 
(B), and at least one rubber (C) selected from poly 
isobutylene, butyl rubber and a propylene-ethylene 
copolymer rubber having a propylene content of 50 mol 
% or more or an ethylene-ot-ole?n copolymer (D) 
having a density of 0.870 to 0.940 (g/cm3) and an 
ethylene content of 85 mol % or more. 

[0021] A method for producing an ole?nic thermo 
plastic elastomer composition characteriZed by 
dynamically heat treating, in the presence of a 
crosslinking agent under the beloW-mentioned condi 
tions, 10 to 60 Wt. parts of a crystalline polyole?n resin 
(A), 90 to 40 Wt. parts of an ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber (B) consisting of 
ethylene, an ot-ole?n having 3 to 20 carbon atoms and 
a non-conjugated polyene [the total of (A) and (B) 
being 100 Wt. parts], said conditions being according to 
the folloWing formula, 

[0022] Wherein T is a resin temperature (° C.) at the 
die exit of extruder, X is a screW diameter of 
extruder, Y is a maximum shear rate (sec-1) gener 
ated in extruder and Z is an extrusion amount (kg/h). 

[0023] A manufacturing method according to said 
(ix), Wherein said ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber (B) is obtained by random 
copolymeriZation of from ethylene, an ot-ole?n having 
3 to 20 carbon atoms and a non-conjugated polyene, 
has (1) the unit (a) derived from the ethylene and the 
unit (b) derived from the ot-ole?n of 3 to 20 carbon 
atoms in a molar ratio of 40/60 to 95/5 [(a)/(b)], has (2) 
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an iodine value of 1 to 50, and has (3) an intrinsic 
viscosity [1]] measured in decalin at 135° C. of 0.1 to 
10 dl/g. 

[0024] A method for manufacturing an ole?nic 
thermoplastic elastomer composition characteriZed by 
dynamically heat treating, according to the conditions 
shoWn in the folloWing formula in the presence of a 
crosslinking agent, 10 to 60 Wt. parts of a crystalline 
polyole?n resin (A), 88 to 38 Wt. parts of an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B) 
Which is an ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber consisting of ethylene, an ot-ole?n 
having 3 to 20 carbon atoms and a non-conjugated 
polyene, Which is obtained by random polymeriZation 
of ethylene, an ot-ole?n having 3 to 20 carbon atoms 
and a non-conjugated polyene in the presence of a 
metallocene catalyst, (1) Which has the ethylene-de 
rived unit (a) and the unit (b) derived from the ot-ole?n 
With 3 to 20 carbon atoms in a molar ratio of 40/60 to 
95/5 [(a)/(b)], (2) Which has an iodine value of 1 to 50, 
(3) Which has an intrinsic viscosity [n]of 1.0 to 10 dl/g 
When measured in decalin at 135° C., and 2 to 30 Wt. 
parts of at least of one rubber (C) selected from 
polyisobutylene, butyl rubber and a propylene-ethylene 
copolymer rubber having a propylene content of 50 mol 
% or more [the total of (A),(B) and (C) is 100 Wt. parts], 
said formula being; 
5.5<2.2l0gX+l0gY—l0gZ+(T-180)+100<6.5 
[0025] Wherein T is a resin temperature (° C.) at the 

die exit of extruder, X is a screW diameter of 
extruder, Y is a maximum shear rate (sec_1) gener 
ated in extruder and Z is an extrusion amount (kg/h). 

[0026] (xii) A method for manufacturing an ole?nic 
thermoplastic elastomer composition characteriZed by 
dynamically heat treating, according to the conditions 
shoWn in the folloWing formula in the presence of a 
crosslinking agent, 10 to 60 Wt. parts of a crystalline 
polyole?n resin (A), 88 to 38 Wt. parts of an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B) 
Which is an ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber consisting of ethylene, an ot-ole?n 
having 3 to 20 carbon atoms and a non-conjugated 
polyene, Which is obtained by random polymeriZation 
of ethylene, an ot-ole?n having 3 to 20 carbon atoms 
and a non-conjugated polyene in the presence of a 
metallocene catalyst, (1) Which has the ethylene-de 
rived unit (a) and the unit (b) derived from the ot-ole?n 
With 3 to 20 carbon atoms in a molar ratio of 40/60 to 
95/5 [(a)/(b)], (2) Which has an iodine value of 1 to 50, 
(3) Which has an intrinsic viscosity [n]of 1.0 to 10 dl/g 
When measured in decalin at 135° C., and 2 to 40 Wt. 
parts of an ethylene-ot-ole?n copolymer (D) having a 
densitry of 0.870 to 0.940 (g/cm3) and having an 
ethylene content of 85 mol % or more [the total of 
(A),(B) and (D) is 100 Wt. parts], said formula being; 
5.5<2.2l0gX+l0gY—l0gZ+(T-180)+100<6.5 
[0027] (Wherein T is a resin temperature (° C.) at the 

die exit of extruder, X is a screW diameter of 
extruder, Y is a maximum shear rate (secl) generated 
in extruder and Z is an extrusion amount (kg/h.) 

[0028] (xiii) A manufacturing method according to the 
said Wherein said crosslinking agent is an organic 
peroxide. 
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[0029] (xiv) An ole?nic thermoplastic elastomer com 
position Which is obtainable by the manufacturing 
method according to said or 

[0030] Hereinafter the present invention is explained con 
cretely. 

[0031] The ole?nic thermoplastic elastomer composition 
of the present invention is a crosslinked thermoplastic 
elastomer composition, and comprises a crystalline polyole 
?n resin (A), an ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) and at least one rubber (C) selected 
from polyisobutylene, butyl rubber and a propylene-ethyl 
ene copolymer rubber having a propylene content of 50 mol 
% or more or an ethylene-ot-ole?n copolymer (D) having a 
density of 0.870 to 0.940 (g/cm3) and having an ethylene 
content of 85 mol % or more. 

[0032] A method for manufacturing the ole?nic thermo 
plastic elastomer composition of the present invention is 
featured by dynamically heat treating, according to the 
speci?ed conditions in the presence of a crosslinking agent, 
10 to 60 Wt. parts of a crystalline polyole?n resin (A) and 90 
to 40 Wt. parts of an ethylene-ot-ole?n-non-conjugated poly 
ene copolymer rubber (B) consisting of ethylene, an ot-ole?n 
With 3 to 20 carbon atoms and a non-conjugated polyene [the 
total of (A) and (B) is 100 Wt. parts.] 

[0033] Crystalline Polyole?n Resin (A) 

[0034] The crystalline polyole?n resin (A) used in the 
present invention comprises a crystalline polymeric solid 
product obtained by polymeriZing one or more of mono 
ole?n by either of the high pressure method or loW pressure 
method. Such resins include isotactic and syndiotactic 
mono-ole?n polymer resins, and the resins representative of 
these are commercially available. 

[0035] The raW material ole?n suitable for the crystalline 
polyole?n resin (A) includes, concretely, ethylene, propy 
lene, 1-butene, 1-pentene, l-hexene, 1-octene, 1-decene, 
2-methyl-1-propene, 3-methyl-1-pentene, 4-methyl-1-pen 
tene and 5 -methyl-1-hexene. These ole?ns are used singly or 
in a mixture of tWo or more. 

[0036] Any polyemriZation type, regardless of random or 
block type, can be adpoted as long as it produces resinous 
substances. 

[0037] These crystalline polyole?n resins can be used 
singly or in a combination of tWo or more. 

[0038] The crystalline polyole?n resin (A) used in the 
present invention has a MFR (ASTM D-1238-65T, 230° C.) 
in the range of usually 0.01 to 100 g/10 min., preferably 0.05 
to 50 g/10 min. 

[0039] The crystalline polyole?n resin (A) has a role of 
improving the How and heat resistance of the composition. 

[0040] In the ole?nic thermoplastic elastomer composition 
of the present invention, the crystalline polyole?n resin (A) 
is used in a ratio of 10 to 60 Wt. parts, preferably 15 to 55 
Wt. parts to the total 100 Wt. parts of the crystalline poly 
ole?n resin (A), an ethylene-ot-ole?n-non-conjugated poly 
ene copolymer rubber (B) and at least one rubber (C) 
selected from polyisobutylene, butyl rubber and a propy 
lene-ethylene copolymer rubber having a propylene content 
of 50 mol % or more or an ethylene-ot-ole?n copolymer (D) 
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having a density of 0.870 to 0.940 (g/cm3) and having an 
ethylene content of 85 mol % or more. 

[0041] In the method for manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
the crystalline polyole?n resin (A) is used in a ratio of 10 to 
60 Wt. parts, preferably 15 to 55 Wt. parts against the total 
100 Wt. parts of the crystalline polyole?n resin (A) and an 
ethylene-ot-ole?n-non-conjugated polyene copolymer rub 
ber 

[0042] Using the crystalline polyole?n resin (A) in the 
above-mentioned ratio gives excellent rubber elasticity and 
in addition gives an ole?nic thermoplastic elastomer com 
position excellent in moldability. 

[0043] Ethylene-ot-ole?n-non-conjugated 
Copolymer Rubber (B) 

[0044] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) used in the ole?nic thermoplastic 
elastomer composition of the present invention is obtained 
by random copolymeriZing ethylene, a C3-C2O ot-ole?n and 
a non-conjugated polyene in the presence of a metallocene 
catalyst mentioned later. 

[0045] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) used in the method of producing the 
ole?nic thermoplastic elastomer composition of the present 
invention is obtained by random copolymeriZing ethylene, a 
C3-C2O ot-ole?n and a non-conjugated polyene in the pres 
ence of a suitable catalyst such as metallocene catalyst, 
titanium non-metallocene catalyst and vanadium catalyst. 

[0046] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) may have either of the molecular 
structures of the straight chain or branched long chain, but 
the structure of the branched long chain is preferable. 

[0047] The above-mentioned ot-ole?n having 3 to 20 car 
bon atoms includes propylene, 1-butene, 1-pentene, 1-hex 
ene, l-heptene, 1-octene, 1-nonene, 1-decene, 1-undecne, 
1-dodecene, 1-tridecene, l-tetradecene, l-pentadecene, 
l-hexadecene, 1-heptadecene, l-octadecene, l-nonadecene, 
1-eicosene, 3-methyl-1-butene, 3-methyl-1-pentene, 
3-ethyl-1-pentene, 4-methyl-1-pentene, 4-methyl-1-hexene, 
4,4-dimethyl-1-hexene, 4,4-dimethyl-1-pentene, 4-ethyl-1 
hexene, 3-ethyl-1-hexene, 9-methyl-1-decene, 11-methyl-1 
dodecene, 12-ethyl-1-tetradecene and combinations thereof. 

Polyene 

[0048] Of these, as the ot-ole?n composing a straight chain 
ethylene-ot-ole?n-non-conjugated polyene copolymer rub 
ber, the ot-ole?n of 4 to 10 carbon atoms is preferable, and 
particularly preferred are 1-butene, 1-hexene, 1-octene and 
1-decene. 

[0049] Further, as the ot-ole?n composing a branched long 
chain ethylene-ot-ole?n-non-conjugated polyene copolymer 
rubber, the ot-ole?n having 3 to 10 carbon atoms is preferred, 
and particularly preferably used are propylene, 1-butene, 
1-hexene and 1-octene. 

[0050] The non-conjugated polyene composing the 
straight chain ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber includes aliphatic, alicyclic and aromatic 
polyenes. 

[0051] The foregoing aliphatic polyene includes, con 
cretely, 1,4-hexadiene, 1,5-hexadiene, 1,6-heptadiene, 1,6 
octadiene, 1,7-octadiene, 1,8-nonadiene, 1,9-decadiene, 
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1,13-tetradecadiene, 3-methyl-1,4-heXadiene, 4-methyl-1,4 
heXadiene, 5-methyl-1,4-heXadiene, 4-ethyl-1,4-heXadiene, 
3-methyl-1,5-heXadiene, 3,3-dimethyl-1,4-heXadiene, 3,4 
dimethyl-1,5-heXadiene, 5-methyl-1,4-heptadiene, 5-ethyl 
1,4-heptadiene, 5 -methyl-1,5 -heptadiene, 6-methyl-1,5-hep 
tadiene, 5-ethyl-1,5-heptadiene, 3-methyl-1,6-heptadiene, 
4-methyl-1,6-heptadiene, 4,4-dimethyl-1,6-heptadiene, 1,6 
octadiene, 4-methyl-1,4-octadiene, 5-methyl-1,4-octadiene, 
4-ethyl-1,4-octadiene, 5-ethyl-1,4-octadiene, 5-methyl-1,5 
octadiene, 6-methyl-1,5-octadiene, 5-ethyl-1,5-octadiene, 
6-ethyl-1,5-octadiene, 6-methyl-1,6-octadiene, 7-methyl-1, 
6-octadiene, 6-ethyl-1,6-octadiene, 6-propyl-1,6-octadiene, 
6-butyl-1,6-octadiene, 4-methyl-1,4-nonadiene, 5-methyl-1, 
4-nonadiene, 4-ethyl-1,4-nonadiene, 5-ethyl-1,4-nonadiene, 
5-methyl-1,5-nonadiene, 6-methyl-1,5-nonadiene, 5-ethyl 
1,5-nonadiene, 6-ethyl-1,5-nonadiene, 6-methyl-1,6-nona 
diene, 7-methyl-1,6-nonadiene, 6-ethyl-1,6-nonadiene, 
7-ethyl-1,6-nonadiene, 7-methyl-1,7-nonadiene, 8-methyl 
1,7-nonadiene, 7-ethyl-1,7-nonadiene, 5-methyl-1,4-decadi 
ene, 5-ethyl-1,4-decadiene, 5-methyl-1,5-decadiene, 
5-ethyl-1,4-decadiene, 5-methyl-1,5-decadiene, 6-methyl-1, 
5-decadiene, 5-ethyl-1,5-decadiene, 6-ethyl-1,5-decadiene, 
6-methyl-1,6-decadiene, 6-ethyl-1,6-decadiene, 7-methyl-1, 
6-decadiene, 7-ethyl-1, 6-decadiene, 7-methyl-1,7-decadi 
ene, 8-methyl-1,7-decadiene, 7-ethyl-1,7-decadiene, 
8-ethyl-1,7-decadiene, 8-methyl-1,8-decadiene, 9-methyl-1, 
8-decadiene, 8-ethyl-1,8-decadiene, 6-methyl-1,6-undecadi 
ene and 9-methyl-1,8-undecadiene. 

[0052] The aforementioned alicyclic polyene includes, 
concretely, vinylcycloheXene, vinylnorbornene, eth 
ylidenenorbornene (for example, 5-ethylidene-2-nor 
bornene), dicyclopentadiene, cyclooctadiene, 2,5-norborna 
diene, 1,4-divinylcycloheXane, 1,3-divinylcycloheXane, 1,3 
divinylcyclopentane, 1 ,5 -divinylcyclooctane, 1 -allyl-4 
vinylcycloheXane, 1 ,4-diallyl-cycloheXane, 1 -allyl-5 - 
vinylcyclooctane, 1,5 -diallylcyclooctane, 1 -allyl-4 
isopropenylcycloheXane, 1-isopropenyl-4 
vinylcycloheXane, and 1-isopropenyl-3-vinylcyclopentane. 

[0053] The aromatic polyene mentioned above includes, 
concretely, divinylbenZene and vinylisopropenylbenZene. 

[0054] Of these, a non-conjugated polyene having 7 or 
more carbon atoms is preferable, and methyloctadiene such 
as 7-methyl-1,6-octadiene, ethylidene norbornene such as 
5-ethylidene-2-norbornene and dicyclopentadiene are pref 
erably used. These non-conjugated polyenes can be used 
singly or in a combination of tWo or more. 

[0055] The non-conjugated polyene composing the 
branched long chain ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber is a non-conjugated polyene in 
Which there eXists only one carbon-carbon double bond in 
the molecule that is polymeriZable by a metallocene catalyst 
and the like. Such polyenes do not include chain type 
polyenes Which have vinyl groups on both terminals. Of the 
tWo or more vinyl groups, if one is located on a terminal, 
preferably another takes the internal ole?n structure, not 
being positioned on a terminal. Such non-conjugated poly 
enes include aliphatic and alicyclic polyenes. 

[0056] The above-mentioned aliphatic polyene includes, 
concretely, 1,4-heXadiene, 3-methyl-1,4-heXadiene, 4-me 
thyl-1,4-heXadiene, 5-methyl-1,4-heXadiene, 4-ethyl-1,4 
heXadiene, 3,3-dimethyl-1,4-heXadiene, 5-methyl-1,4-hep 
tadiene, 5-ethyl-1,4-heptadiene, 5-methyl-1,5-heptadiene, 
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6-methyl-1,5-heptadiene, 5-ethyl-1,5-heptadiene, 1,6-octa 
diene, 4-methyl-1,4-octadiene, 5-methyl-1,4-octadiene, 
4-ethyl-1,4-octadiene, 5-ethyl-1,4-octadiene, 5-methyl-1,5 
octadiene, 6-methyl-1,5-octadiene, 5-ethyl-1,5-octadiene, 
6-ethyl-1,5-octadiene, 6-methyl-1,6-octadiene, 7-methyl-1, 
6-octadiene, 6-ethyl-1,6-octadiene, 6-propyl-1,6-octadiene, 
6-butyl-1,6-octadiene, 4-methyl-1,4-nonadiene, 5-methyl-1, 
4-nonadiene, 4-ethyl-1,4-nonadiene, 5-ethyl-1,4-nonadiene, 
5-methyl-1,5-nonadiene, 6-methyl-1,5-nonadiene, 5-ethyl 
1,5-nonadiene, 6-ethyl-1,5-nonadiene, 6-methyl-1,6-nona 
diene, 7-methyl-1,6-nonadiene, 6-ethyl-1,6-nonadiene, 
7-ethyl-1,6-nonadiene, 7-methyl-1,7-nonadiene, 8-methyl 
1,7-nonadiene, 7-ethyl-1,7-nonadiene, 5 -methyl-1,4-decadi 
ene, 5-ethyl-1,4-decadiene, 5-methyl-1,5-decadiene, 6-me 
thyl-1,5-decadiene, 5-ethyl-1,5-decadiene, 6-ethyl-1,5 
decadiene, 6-methyl-1,6-decadiene, 6-ethyl-1,6-decadiene, 
7-methyl-1,6-decadiene, 7-ethyl-1,6-decadiene, 7-methyl-1, 
7-decadiene, 8-methyl-1,7-decadiene, 7-ethyl-1,7-decadi 
ene, 8-ethyl-1,7-decadiene, 8-methyl-1,8-decadiene, 9-me 
thyl-1,8-decadiene, 8-ethyl-1,8-decadiene, 6-methyl-1,6 
undecadiene and 9-methyl-1,8-undecadiene. 

[0057] The alicyclic polyene mentioned previously is 
preferably a polyene composed of the alicyclic portion 
having one unsaturated bond and the chain portion having 
the internal ole?n bond, and includes 5-ethylidene-2-nor 
bornene, 5-isopropylidene-2-norboenene and 6-chlorom 
ethyl-5-isopropylidene-2-norbornen. Further, it includes 
trienes such as 2,3-diisopropylidene-5-norbornene and 
2-ethylidene-3-isopropylidene-5-norbornene. Of these non 
conjugated polyenes, 5-ethylidene-2-norbornene, 1,4-heXa 
diene and the like are particularly preferable. These non 
conjugated polyenes can be used singly or in combinations 
of tWo or more. 

[0058] The straight chain ethylene-ot-ole?n-non-conju 
gated polyene copolymer rubber (B) preferably used in the 

present invention (hereinafter called copolymer rubber has the folloWing characteristics. 

[0059] (1) Ethylene-ot-ole?n Component Ratio 

[0060] The copolymer rubber (B) has the unit (a) derived 
from ethylene and the unit (b) derived from ot-ole?n of 3 to 
20 carbon atoms (hereinafter sometimes simply called 
ot-ole?n) in a mole ratio of 40/60 to 95/5, preferably 40/60 
to 90/10, more preferably 50/50 to 85/15 [(a)/(b)]. 

[0061] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber having such ethylene and ot-ole?n com 
ponent ratio is eXcellent in both of loW temperature ?ex 
ibility and heat resistance. 

[0062] (2) Iodine Value 

[0063] The iodine value, an indeX of the non-conjugated 
polyene content in the copolymer rubber (B), is 1 to 50, 
preferably 1 to 30. 

[0064] (3) Intrinsic Ciscosity[11] 

[0065] The intrinsic viscosity [1]] of the copolymer rubber 
(B) measured in decalin at 135° C. is 0.1 to 10, preferably 
1.5 to 7 dl/g. 

[0066] (4) g 11* 
[0067] The gn* value of the straight chain copolymer 
rubber (B) eXceeds 0.95. 
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[0068] The gn* value is de?ned according to the folloW 
ing formula, 

[0069] (herein, [1]] is an intrinsic viscosity measured 
in the above-mentioned (3), and [11]blank is an intrin 
sic viscosity of the straight chain ethylene-propylene 
copolymer having the same Weight average molecu 
lar Weight (by light scattering method) as the ethyl 
ene-ot-ole?n-non-conjugated polyene copolymer 
rubber that has that intrinsic viscosity [1]] and also 
having an ethylene content of 70 mol %.) 

[0070] When the g1]* value of an ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber becomes more than 
0.95, branched long chain is not formed in the molecule, that 
is, it means that the polymer has a straight chain molecular 
structure. The gr]* value can be measured by the method 
described in JP-B-3(1991)-14045. 

[0071] Further, it is preferable that this straight chain 
copolymer rubber (B) satis?es the folloWing charcteristics. 

[0072] (5) D Value 

[0073] The intensity (area) ratio D of Tot[3 to Totot(Tot[3/ 
Totot) in 13C-NMR spectrum of the copolymer rubber (B) is 
usually 0.8 or less, preferably 0.5 or less, more preferably 
0.3 or less. 

[0074] The intensity ratio of this random copolymer rub 
ber differs according to the kind of ot-ole?n composing the 
random copolymer rubber. 

[0075] The Tot[3 and Toto in 13C-NMR spectrum represent 
respective peak intensities of tWo different CH2’s at different 
positions relative to the tertiary carbon atom in the units 
derived from the ot-ole?n, as shoWn in the folloWing for 
mulae: 

[0076] The intensity ratio D of a random copolymer 
rubber may be determined in the folloWing manner: 

[0077] 13C-NMR spectrum of a random copolymer rubber 
is measured at 67.8 MHZ using d6-b6I1Z6I16 (128 ppm) 
standard and a NMR apparatus, such as JEOL-GX270 
(JEOL Ltd.), in a miXed solution comprising 5% by Weight 
of a sample in heXachlorobutadiene/d6-benZene (2/1, by 
volume) at 25° C. 

[0078] The 13C-NMR spectrum Was analyZed substan 
tially according to the proposal by Lindemann Adams 
(Analysis Chemistry, 43, p. 1245 (1971)) and J. C. Randall 
(RevieW Macromolecular Chemistry Physics, C29, 201 
(1989)). 
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[0079] The intensity ratio D is noW described in more 
detail With respect to ethylene-1-butene-7-methyl-1,6-octa 
diene copolymer rubber as an eXample. 

[0080] In the 13C-NMR spectrum of the ethylene-1 
butene-7-methyl-1,6-octadiene copolymer rubber, the peaks 
appearing at 39 to 40 ppm and 31 to 32 ppm are attributed 
to Totot and TotB, respectively. 

[0081] The intensity ratio D is calculated from a ratio of 
integrated values (areas) of respective peak portions. 

[0082] An intensity ratio D obtained in this manner has 
generally been considered to be a measure for indicating the 
possibility or percentage of 2,1-addition reaction occurring 
folloWing 1,2-addition of 1-butene, or the possibility or 
percentage of 1,2-addition reaction occurring folloWing 2,1 
addition of 1-butene. Therefore, the higher the intensity ratio 
D value, the more irregular the orientation of linkage of the 
-ole?n (1-butene). On the contrary, the loWer the D value, 
the more regular the linkage orientation of the -ole?n. Such 
higher regularity is preferable since molecular chains tend to 
readily aggregate resulting in better properties, such as 
strength, of the random copolymer rubber. 

[0083] A random copolymer rubber having the above 
mentioned intensity ratio of 0.5 or less can be obtained by 
copolymeriZing ethylene, an ot-ole?n and a non-conjugated 
polyene using the speci?c IV-group (titanium group) met 
allocene catalyst set forth in JP-A-9-12790 and JP-A-9 
137001. 

[0084] (6) B Value 

[0085] The copolymer rubber (B) has a B value of usually 
0.7 to 2.0, preferably 1.00 to 1.50, Which value is obtained 
from 13C-NMR spectrum and the folloWing formula, 

[0086] (Wherein, [PE] is a molar fraction of the unit (a) 
derived from ethylene in the random copolymer rubber, [PO] 
is that of the unit (b) derived from ot-ole?n in the copolymer 
rubber, and [POE] is a ratio of the chain number of ot-ole?n/ 
ethylene to the chain number of the total dyad in the random 
copolymer rubber.) 

[0087] This B value is an indeX indicating the distribution 
state of the ethylene and ot-ole?n in the copolymer rubber 
and can be obtained based on the report by J. C. Randall 

(Macromolecules, 15, 353(1982)) and J. Ray (Macromol 
ecules, 10, 773(1977)). 

[0088] The larger the aforementioned B value, the shorter 
the chain block of ethylene or ot-ole?n, and it means that the 
distribution of ethylene and ot-ole?n is uniform and the 
composition distribution of the copolymer rubber is narroW. 
Further, as the B value becomes less and less than 1.00, the 
composition distribution of the copolymer rubber becomes 
Wider. 

[0089] A random copolymer rubber having an above 
mentioned B value of 1.00 to 1.50 can be obtained by 
copolymeriZing ethylene, an ot-ole?n and a non-conjugated 
polyene using the speci?c IV-group (titanium group) met 
allocene catalyst set forth in JP-A-9-12790 and JP-A-9 
137001. 
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[0090] (7) Glass Transition Temperature 

[0091] The glass transition temperature (Tg) of the 
copolymer rubber (B) measured With DSC (differential 
scanning calorimeter) is usually —40° C. or lower, preferab 
ly —50° C. or loWer. 

[0092] On the other hand, the branched long chain copoly 
mer rubber (B) preferably used in the present invention has 
the following characteristics. 

[0093] (1) Ethylene-ot-ole?n Component Ratio 

[0094] The copolymer rubber (B) has the unit (a) derived 
from ethylene and the unit (b) derived from ot-ole?n of 3 to 
20 carbon atoms (hereinafter sometimes simply called 
ot-ole?n) in a mole ratio of 40/60 to 95/5, preferably 55/45 
to 90/10 [(a)/(b)]. 

[0095] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber having such ethylene-ot-ole?n component 
ratio is excellent in both of loW temperature ?exibility and 
heat resistance. 

[0096] (2) Iodine Value 

[0097] The iodine value, an indeX of the content of the 
non-conjugated polyene in the copolymer rubber (B), is 1 to 
50, preferably 5 to 40. The ethylene-ot-ole?n-non-conju 
gated polyene copolymer rubber having the above-men 
tioned iodine value gives a fast vulcaniZation speed and can 
undergo high speed vulcaniZation. 

[0098] (3) Intrinsic Viscosity [11] 

[0099] The intrinsic viscosity [1]] of the copolymer rubber 
(B) measured in decalin at 135° C. is 0.1 to 10, preferably 
1.2 to 6, more preferably 1.5 to 5 dl/g. 

[0100] (4) gn* Value 

[0101] The gn* value of the branched long chain copoly 
mer rubber (B) is 0.2 to 0.95, preferably 0.4 to 0.9, more 
preferably 0.5 to 0.85. 

[0102] The gn* value is de?ned according to the folloW 
ing formula, 

[0103] (herein, [1]] is an intrinsic viscosity measured 
in the above-mentioned (3), and [11]blank is an intrin 
sic viscosity of the straight chain ethylene-propylene 
copolymer having the same Weight average molecu 
lar Weight (by light scattering method) as that of the 
ethylene-ot-ole?n-non-conjugated polyene copoly 
mer rubber Which has that intrinsic viscosity [1]] and 
moreover having an ethylene content of 70 mol %.) 

[0104] When the g1]* value of an ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber becomes 0.95 or less, 
it shoWs that branched long chain is formed in the molecule. 
The gn* value can be measured by the method described in 

JP-B-3(1991)-14045. 
[0105] Further, it is preferable that this branched long 
chain copolymer rubber (B) satis?es the folloWing charc 
teristics (5) to 
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[0106] (5) D Value 

[0107] The intensity (area) ratio D of Tot[3 to Totot (TotB/ 
Totot) in 13C-NMR spectrum of the copolymer rubber (B) is 
usually 0.8 or less, preferably 0.5 or less, more preferably 
0.3 or less. 

[0108] The intensity ratio, D value, of this random copoly 
mer rubber differs according to the kind of ot-ole?n com 
posing the random copolymer rubber. 

[0109] The Tot[3 and Toto in 13C-NMR spectrum represent 
respective peak intensities of tWo different CH2’s at different 
positions relative to the tertiary carbon atom in the units 
derived from the ot-ole?n, as shoWn in the folloWing for 
mulae: 

[0110] The intensity ratio D of a random copolymer rubber 
may be determined in the folloWing manner: 

[0111] 13C-NMR spectrum of a random copolymer rubber 
is measured at 67.8 MHZ using d6-b6I1Z6I16 (128 ppm) 
standard and a NMR apparatus, such as JEOL-GX270 
(JEOL Ltd.), in a miXed solution comprising 5% by Weight 
of a sample in heXachlorobutadiene/d6-benZene (2/1, by 
volume) at 25° C. 

[0112] The 13C-NMR spectrum Was analyZed substan 
tially according to the proposal by Lindemann Adams 
(Analysis Chemistry, 43, p. 1245 (1971)) and J. C. Randall 
(RevieW Macromolecular Chemistry Physics, C29, 201 
(1989)). 
[0113] The intensity ratio D is noW described in more 
detail With respect to ethylene-1-butene-7-methyl-1,6-octa 
diene copolymer rubber as an eXample. 

[0114] In the 13C-NMR spectrum of the ethylene-1 
butene-7-methyl-1,6-octadiene copolymer rubber, the peaks 
appearing at 39 to 40 ppm and 31 to 32 ppm are attributed 
to Totot and TotB, respectively. 

[0115] The intensity ratio D is calculated from a ratio of 
integrated values (areas) of respective peak portions. 

[0116] An intensity ratio D obtained in this manner has 
generally been considered to be a measure for indicating the 
possibility or percentage of 2,1-addition reaction occurring 
folloWing 1,2-addition of 1-butene, or the possibility or 
percentage of 1,2-addition reaction occurring folloWing 2,1 
addition of 1-butene. Therefore, the higher the intensity ratio 
D value, the more irregular the orientation of linkage of the 
ot-ole?n (1-butene). On the contrary, the loWer the D value, 
the more regular the linkage orientation of the -ole?n. Such 
higher regularity is preferable since molecular chains tend to 
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readily aggregate resulting in better properties, such as 
strength, of the random copolymer rubber. 

[0117] The present invention provides a random copoly 
mer rubber having the aforementioned intensity ratio D of 
0.5 or less by copolymeriZing ethylene, an ot-ole?n and a 
non-conjugated polyene using the speci?c IV-group (tita 
nium group) metallocene catalyst described later. HoWever, 
copolymeriZing ethylene, 1-butene and 7-methyl-1,6-octa 
diene in the presence of, for example, the V-group metal 
locene catalyst such as vanadium cannot give an ethylene 
1-butene-7-methyl-1,6-octadiene copolymer rubber having 
the intensity ratio D of 0.5 or less. This holds in ot-ole?ns 
other than 1-butene. 

[0118] (6) B Value 

[0119] The copolymer rubber (B) has preferably a B value 
of usually 0.7 to 2.0, particularly 1.00 to 1.50, Which value 
is obtained from 13C-NMR spectrum and the folloWing 
formula, 

[0120] Wherein, [PE] is a molar fraction of the unit (a) 
derived from ethylene in the random copolymer rubber, [PO] 
is that of the unit (b) derived from ot-ole?n in the random 
copolymer rubber, and [POE] is a ratio of the chain number 
of ot-ole?n/ethylene to the chain number of the total dyad in 
the random copolymer rubber. 

[0121] This B value is an index indicating the distribution 
state of the ethylene and ot-ole?n in the copolymer rubber 
and can be obtained based on the report by J. C. Randall 

(Macromolecules, 15, 353(1982)) and J. Ray (Macromol 
ecules, 10, 773(1977)). 

[0122] The larger the B value, the shorter the chain block 
of ethylene or ot-ole?n, and it means that the distribution of 
ethylene and ot-ole?n is uniform and the composition dis 
tribution of the copolymer rubber is narroW. Further, as the 
B value becomes less than 1.00, the composition distribution 
of the copolymer rubber becomes Wider. Such copolymer 
rubber sometimes does not develop suf?ciently physical 
properties such as strength, for example When subjected to 
crosslinking, in contrast With the copolymer rubber having 
a narroW composition distribution. 

[0123] The present invention provides a random copoly 
mer rubber having the aforementioned B value of 1.00 to 
1.50 by copolymeriZing ethylene, an ot-ole?n and a non 
conjugated polyene using, as described later, the speci?c 
IV-group (titanium group) metallocene catalyst. HoWever, 
copolymeriZing ethylene, an ot-ole?n and a non-conjugated 
polyene in the presence of, for example, the titanium type 
non-metallocene catalyst cannot give an ethylene-ot-ole?n 
non-conjugated polyene copolymer rubber having a B value 
of the above-mentioned range. 

[0124] (7) Glass Transition Temperature 

[0125] The glass transition temperature (Tg) of the 
copolymer rubber (B) measured With DSC (differential 
scanning calorimeter) is usually —40° C. or loWer, preferab 
ly —50° C. or loWer. 

[0126] From a random copolymer rubber With —50° C. or 
loWer Tg, there can be obtained a thermoplastic elastomer 
composition excellent in loW temperature ?exibility. 
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[0127] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber used in the present invention, for 
example, a random copolymer rubber betWeen ethylene, 
1-butene and ethylidenenorbornene (ENB) has about 5 to 
10° C. loWer glass transition temperature (Tg) compared to 
that of a copolymer rubber (EPDM) betWeen ethylene, 
propylene and ENB Which copolymer rubber has the same 
composition ratio of ethylene, ot-ole?n and non-conjugated 
polyene as the random copolymer rubber of the invention, 
and exhibits superior loW temperature characteristics. 

[0128] The straight chain or branched long chain copoly 
mer rubber (B) mentioned above is manufactured by random 
copolymeriZing ethylene, an ot-ole?n having 3 to 20 carbon 
atoms and a non-conjugated polyene in the presence of a 
suitable catalyst such as metallocene catalyst, titanium non 
metallocene catalyst and vanadium catalyst. Of the said 
branched long chain copolymer rubber (B), a preferable one 
is manufactured by random copolymeriZation of ethylene, 
an ot-ole?n having 3 to 20 carbon atoms and a non 
conjugated polyene in the presence of a speci?c metallocene 
catalyst. The metallocene catalyst includes those described 
in, for example, JP-A-12790 and JP-A-9-137001. 

[0129] As far as the metallocene catalyst contains the 
metallocene compound [A], the metallocene catalyst is not 
particularly limited. For example, it may be composed of the 
metallocene compound [A]; and an organic aluminum oxy 
compound [B] and/or a compound [C] capable of reacting 
With the metallocene compound [A] to form an ion pair. 
Further, it may comprise an organic aluminum compound 
[D] in addition to the metallocene compound [A], and the 
organic aluminum oxy compound [B] and/or the compound 
[C] capable of reacting With the metallocene compound [A] 
to form an ion pair. 

[0130] HereinbeloW, the components used in forming the 
metallocene catalyst Will be described. 

[0131] The metallocene compound [A] may be any com 
pound represented by the folloWing general formula (I): 

(I) 

x1 x2 
3 3 

R R2 R2 R 

R4 R4 

R1 R1 

R5 R5 
Y 

R6 R6 

[0132] In the formula (I) above, M is a transition metal 
atom of the IV group (titanium group) in the periodic table, 
as exempli?ed by titanium, Zirconium and hafnium. Particu 
larly preferred is Zirconium. 

[0133] R1 is a hydrocarbon group having 1 to 6 carbon 
atoms, including alkyl groups, such as methyl, ethyl, n-pro 
pyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pen 
tyl, neopentyl, n-hexyl and cyclohexyl groups; and alkenyl 
groups, such as vinyl and propenyl groups. Among these, 
preferred is an alkyl group in Which the carbon atom linked 
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to the indenyl group is primary, more preferably an alkyl 
group having 1 to 4 carbon atoms, most preferably methyl 
and ethyl groups. 

[0134] R2, R4, R5 and R6, Which may be same or different, 
are each hydrogen, halogen or hydrocarbon group having 1 
to 6 carbon atoms as shoWn above for R1. The halogen atom 
includes ?uorine, chlorine, bromine and iodine. 

[0135] When the object copolymer rubber (B) is a 
branched long chain type, R3 is generally an aryl group 
having 6 to 16 carbon atoms. The aryl group may be 
substituted With, for eXample, one or more substituents 
selected from halogen atoms as aforementioned, hydrocar 
bon groups having 1 to 20 carbon atoms and organic silyl 
groups. The aryl group may include phenyl, ot-naphthyl, 
[3-naphthyl, anthracenyl, phenanthryl, pyrenyl, acenaphthyl, 
phenalenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and 
biphenyl groups. Among these, preferred are phenyl, naph 
thyl, anthracenyl and phenanthryl groups. 

[0136] The hydrocarbon groups having 1 to 20 carbon 
atoms as the substituent on the aryl group may include, for 
eXample, alkyl groups, such as methyl, ethyl, propyl, butyl, 
heXyl, cycloheXyl, octyl, nonyl, dodecyl, eicosyl, norbornyl 
and adamantyl groups; alkenyl groups, such as vinyl, pro 
penyl and cycloheXenyl groups; arylalkyl groups, such as 
benZyl, phenylethyl and phenylpropyl groups; aryl groups as 
exempli?ed for R3; and aryl groups having 6 to 20 carbon 
atoms, such as tolyl, dimethylphenyl, trimethylphenyl, eth 
ylphenyl, propylphenyl, methylnaphthyl and benZylphenyl 
groups. The organic silyl groups may include trimethylsilyl, 
triethylsilyl and triphenylsilyl groups. 

[0137] Here, R3 is, When the objective copolymer rubber 
(B) is a straight chain type, usually a hydrogen atom, 
halogen atom, aliphatic hydrocarbon group of 1 to 20 carbon 
atoms or halogenated aliphatic hydrocarbon group of 1 to 20 
carbon atoms, said halogen atom being ?uorine, chlorine, 
bromine and iodine; said aliphatic hydrocarbon group of 1 to 
20 carbon atoms being, for eXample, alkyl group such as 
methyl, ethyl, propyl, isopropyl, butyl, heXyl, octyl, nonyl, 
dodecyl and eicosyl group, vinyl group and alkenyl group 
such as propenyl group; said halogenated aliphatic hydro 
carbon group of 1 to 20 carbon atoms being, for eXample, 
halogenated alkyl group such as chloromethyl and tri?uo 
romethyl group. 

[0138] X1 and X2, Which may be same or different, are 
each hydrogen atom, halogen atom as aforementioned, 
hydrocarbon group having 1 to 20 carbon atoms Which may 
optionally be substituted With one or more halogen atoms as 
aforementioned, oxygen-containing group, or sulfur-con 
taining group. 

[0139] The oxygen-containing group may include 
hydroXyl group; alkoXy groups having 1 to 20 carbon atoms, 
such as methoXy, ethoXy, propoXy and butoXy groups; 
aryloXy groups, such as phenoXy, methylphenoXy, dimeth 
ylphenoXy and naphthoXy groups; and aryl-C1_2O alkoXy 
groups, such as phenylmethoXy and phenylethoXy groups. 

[0140] The sulfur-containing group may include those 
substituents in Which the oXygen atom in the aforementioned 
oxygen-containing groups is replaced With sulfur atom; 
sulfonyloXy groups, such as methylsulfonyloXy, tri?uo 
romethanesulfonyloXy, phenylsulfonyloXy, benZylsulfony 
loXy, p-toluenesulfonyloXy, trimethylbenZenesulfonyloXy, 
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triisobutylbenZenesulfonyloXy, p-chlorobenZenesulfonyloXy 
and penta?uorobenZenesulfonyloXy groups; and sulfonyl 
groups, such as methylsulfonyl, phenylsulfonyl, benZene 
sulfonyl, p-toluenesulfonyl, trimethylbenZenesulfonyl and 
penta?uorobenZenesulfonyl groups. 

[0141] Preferably, X1 and X2 are each halogen atom or 
hydrocarbon group having 1 to 20 carbon atoms. 

[0142] Y is a divalent hydrocarbon group having 1 to 20 
carbon atoms, a divalent halogenated hydrocarbon group 
having 1 to 20 carbon atoms, a divalent silicon-containing 
group, a divalent germanium-containing group, —O—, 
—CO—, —S—, —SO—, —SO2—, —NR7, —P(R7)—, 
—P(O)(R7 —, —BR7— or —AlR7— Wherein R7 is a 
hydrogen atom, a halogen atom as aforementioned, a hydro 
carbon group having 1 to 20 carbon atoms as aforemen 
tioned, or a hydrocarbon group having 1 to 20 carbon atoms 
and substituted With one or more halogen atoms as afore 
mentioned. Illustratively, it may include divalent hydrocar 
bon groups having 1 to 20 carbon atoms, including alkylene 
groups, such as methylene, dimethylmethylene, ethylene, 
dimethylethylene, trimethylene, tetramethylene, 1,2-cyclo 
heXylene and 1,4-cycloheXylene groups, alkylidene groups, 
such as cycloheXylidene group, and arylalkylene groups, 
such as diphenylmethylene and diphenylethylene groups; 
divalent halogenated hydrocarbon groups having 1 to 20 
carbon atoms, such as chloromethylene; divalent silicon 
containing groups, including alkylsilylene, alkylarylsilylene 
and arylsilylene groups, such as methylsilylene, dimethyl 
silylene, diethylsilylene, di(n-propyl)silylene, di(i-prop 
yl)silylene, di(cycloheXyl)silylene, methylphenylsilylene, 
diphenylsilylene, di(p-tolyl)silylene and di(p-chlorophen 
yl)silylene groups, alkyldisilyl, alkylaryldisilyl and aryldisi 
lyl groups, such as tetramethyl-1,2-disilyl and tetraphenyl 
1,2-disilyl groups; and divalent germanium-containing 
groups in Which the silicon atom in the divalent silicon 
containing groups as aforementioned is replaced With ger 
manium atom. 

[0143] Preferably, Y is a divalent silicon- or germanium 
containing group, more preferably a divalent silicon-con 
taining group, most preferably an alkylsilylene, alkylarylsi 
lylene or arylsilylene group. 

[0144] Illustrative examples of the metallocene com 
pounds represented by the general formula (I) above are 
shoWn beloW. 

[0145] rac-dimethylsilylene-bis(2-methyl-4-phenyl-1 
indenyl)Zirconium dichloride; 

[0146] rac-dimethylsilylene-bis(2-methyl-4-(ot-naph 
thyl)-1-indenyl)Zirconium dichloride; 

[0147] rac-dimethylsilylene-bis(2-methyl-4-([3-naph 
thyl)-1-indenyl)Zirconium dichloride; 

[0148] rac-dimethylsilylene-bis(2-methyl-4-(1-anthra 
cenyl)-1-indenyl)Zirconium dichloride; 

[0149] rac-dimethylsilylene-bis(2-methyl-4-(2-anthra 
cenyl)-1-indenyl)Zirconium dichloride; 

[0150] rac-dimethylsilylene-bis(2-methyl-4-(9-anthra 
cenyl)-1-indenyl)Zirconium dichloride; 

[0151] rac-dimethylsilylene-bis(2-methyl-4-(9-phenan 
thryl)-1-indenyl)Zirconium dichloride; 
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[0255] rac-methylphenylsilylene-bis(2-ethyl-4-ot-naph 
thyl)-1-indenyl)Zirconium dichloride; 

[0256] rac-methylphenylsilylene-bis(2-ethyl-4-(9-an 
thracenyl)-1-indenyl)Zirconium dichloride; 

[0257] rac-methylphenylsilylene-bis(2-ethyl-4-(9 
phenanthryl)-1-indenyl)Zirconium dichloride; 

[0258] rac-diphenylsilylene-bis(2-ethyl-4-phenyl-1-in 
denyl)Zirconium dichloride; 

[0259] rac-diphenylsilylene-bis(2-ethyl-4-(ot-naph 
thyl)-1-indenyl)Zirconium dichloride; 

[0260] rac-diphenylsilylene-bis(2-ethyl-4-(9-anthrace 
nyl)-1-indenyl)Zirconium dichloride; 

[0261] rac-diphenylsilylene-bis(2-ethyl-4-(9-phenan 
thryl)-1-indenyl)Zirconium dichloride; 

[0262] rac-diphenylsilylene-bis(2-ethyl-4-(4-bipheny 
lyl)-1-indenyl)Zirconium dichloride; 

[0263] rac-methylene-bis(2-ethyl-4-phenyl-1-inde 
nyl)Zirconium dichloride; 

[0264] rac-methylene-bis(2-ethyl-4-(ot-naphthyl)-1-in 
denyl)Zirconium dichloride; 

[0265] rac-ethylene-bis(2-ethyl-4-phenyl-1-inde 
nyl)Zirconium dichloride; 

[0266] rac-ethylene-bis(2-ethyl-4-(ot-naphthyl)-1-inde 
nyl)Zirconium dichloride; 

[0267] rac-ethylene-bis(2-n-propyl-4-(ot-naphthyl)-1 
indenyl)Zirconium dichloride; 

[0268] rac-dimethylgermyl-bis(2-ethyl-4-phenyl-1-in 
denyl)Zirconium dichloride; 

[0269] rac-dimethylgermyl-bis(2-ethyl-4-(ot-naphthyl) 
1-indenyl)Zirconium dichloride; 

[0270] rac-dimethylgermyl-bis(2-n-propyl-4-phenyl-1 
indenyl)Zirconium dichloride; etc. 

[0271] Also included are compounds in Which the Zirco 
nium atom in the aforementioned compounds is replaced 
With titanium or hafnium. 

[0272] In the present invention, racemic modi?cations of 
the aforementioned metallocene compounds are generally 
used as the catalytic component. HoWever, R or S modi? 
cations thereof may be also used. 

[0273] In the present invention, the aforementioned met 
allocene compounds may be in any combinations of tWo or 
more thereof. 

[0274] The metallocene compounds may be prepared 
according to the method described in Journal of Organome 
tallic Chem. 288 (1985), p. 63-67; and EP-A-0,320,762. 

[0275] The aforementioned metallocene compound [A] 
includes the metallocene compound shoWn by the following 
general formula (II) Which is described in JP-A-3-163088 as 
Well as the compound shoWn by the foregoing general 
formula (I), 

L“MX2 (II) 

[0276] Wherein M is a metal of IV-group of the 
periodic table (titanium group) or lanthanide homo 
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logue, La is a portion containing nonlocaliZed at bond 
and provides binding geometric shape on the active 
site of metal M, and X is each independently a 
hydrogen atom, halogen atom, silicon atom, hydro 
carbon group of 1 to 20 carbon atoms Which may 
contain germanium atom, silyl group or germyl 
group. 

[0277] Of the compounds shoWn in the formula (II), 
preferred are the compounds shoWn concretely in the fol 
loWing formula (III), 

(III) 
Z Y 

C/—M/ 
p \ 

(X)2 

[0278] Wherein, M is titanium, Zirconium or hafnium, 
X is the same as the above-mentioned, Cp binds With 
M With at bond and in addition is a substituted 
cyclopentadienyl group having substituent Z or a 
derivative thereof, Z is oxygen, sulfur, boron or a 
portion containing an element of XIV-group of the 
periodic table (carbon homologue), Y is a ligand 
containing nitrogen, phosphorus, sulfur, and Z and Y 
may form a condensation ring. 

[0279] Concretely, the compounds denoted by the formula 
(III) include the folloWing: 

[0280] (Dimethyl(t-butylamide) (tetramethyl-775-cy 
clopentadienyl)silane)titanium dichloride 

[0281] ((t-Butylamide)(tetramethyl-nS-cyclopentadi 
enyl)-1,2-ethanediyl)titanium dichloride, 

0282 DibenZ lt-but lamide tetrameth l- 5-c clo y y y 11 y 
pentadienyl)silane)titanium dichloride, 

[0283] (Dimethyl(t-butylamide)(tetramethyl-nS-cyclo 
pentadienyl)silane)dibenZyltitanium, 

[0284] (Dimethyl(t-butylamide)(tetramethyl-nS-cyclo 
pentadienyl)silane)dimethyltitanium, 

[0285] ((t-Butylamide)(tetramethyl-nS-cyclopentadi 
enyl)-1,2-ethanediyl)dibenZyltitanium, 

[0286] ((Methylamide)(tetramethyl-nS-cyclopentadi 
enyl)-1 ,2-ethanediyl)dineopentyltitanium, 

[0287] ((Phenylphosphide)(tetramethyl-n 5-cyclopenta 
dienyl)methylene)diphenyltitanium, 

[0288] (DibenZyl(t-butylamide)(tetramethyl-nS-cyclo 
pentadienyl)silane)dibenZyltitanium, 

[0289] (Dimethyl(benZylamide)(11 5-cyclopentadien 
yl)silane)di(trimethylsilyl)titanium, 

[0290] (Dimethyl(phenylphosphide) -(tetramethyl-115 - 
cyclopentadienyl)silane)dibenZyltitanium, 

[0291] ((Tetramethyl-n 5-cyclopentadienyl)-1 ,2 
ethanediyl)dibenZyltitanium, 

[0292] (2-11 5-(tetramethyl-cyclopentadienyl)- 1-methyl 
ethanolate(2-))dibenZyltitanium, 



US 2002/0055591 A1 

[0293] (2-11 5-(tetramethyl-cyclopentadienyl)- 1 -methyl 
ethanolate(2-))dimethyltitanium, 

[0296] In the present invention the metallocene com 
pounds denoted by the formula (II) can be used in a 
combination of tWo or more. 

[0297] In the above-mentioned explanation, the titanium 
compounds Were illustrated as the metallocene compounds, 
but the compounds can be illustrated Which replaces tita 
nium With Zirconium or hafnium. 

[0298] These compounds can be used singly or in a 
combination of tWo or more. 

[0299] In the preparation of the branched long chain 
ethylene-ot-ole?n-non-conjugated polyene copolymer rub 
ber (B), among the metallocene compounds mentioned 
above, those shoWn by the above general formula (I) are 
preferably used. 

[0300] The organic aluminum oxy compounds [B] used to 
prepare the metallocene catalysts may be any of conven 
tionally knoWn aluminoxanes or benZene insoluble organic 
aluminum oxy compounds disclosed in JP-A-2-78687. 

[0301] Conventionally knoWn aluminoxanes may be pre 
pared, for example, by the folloWing method: 

[0302] (1) An organic aluminum compound, such as a 
trialkylaluminum, is added to a suspension of a com 
pound containing absorbed Water or a salt containing 
Water of crystalliZation, such as magnesium chloride 
hydrate, copper sulfate hydrate, aluminum sulfate 
hydrate, nickel sulfate hydrate or cerous chloride 
hydrate, in a hydrocarbon medium to react folloWed by 
recovery of a hydrocarbon solution; 

[0303] (2) Water, ice or Water vapor is directly acted on 
an organic aluminum compound, such as a trialkylalu 
minum, in a medium, such as benZene, toluene, ethyl 
ether or tetrahydrofuran, folloWed by recovery of a 
hydrocarbon solution; or 

[0304] (3) An organic tin oxide, such as dimethyl tin 
oxide or dibutyl tin oxide, is reacted With an organic 
aluminum compound, such as a trialkylaluminum, in a 
medium, such as decane, benZene or toluene. 

[0305] The alminoxane may contain a small amount of 
organic metallic component(s). The solvent or unreacted 
organic aluminum compound may be distilled out of the 
recovered aluminoxane solution folloWed by re-dissolution 
in a solvent. 

[0306] The organic aluminum compound used to prepare 
the aluminoxane may include trialkylaluminum, such as 
trimethylaluminum, triethylaluminum, tripropylaluminum, 
triisopropylaluminum, tri-n-butylaluminum, tri-isobutylalu 
minum, tri-sec-butylaluminum, tri-tert-butylaluminum, trip 
entylaluminum, trihexylaluminum, trioctylaluminum or 
tridecylaluminum; tricycloalkylaluminum, such as tricyclo 
hexylaluminum or tricyclooctylaluminum; dialkylaluminum 
halide, such as dimethylaluminum chloride, diethylalumi 
num chloride, diethylaluminum bromide or diisobutylalu 

May 9, 2002 

minum chloride; dialkylaluminum hydride, such as diethy 
laluminum hydride or diisobutylaluminum hydride; 
dialkylaluminum alkoxide, such as dimethylaluminum 
methoxide or diethylaluminum ethoxide; and dialkylalumi 
num aryloxide, such as diethylaluminum phenoxide. Among 
these, trialkylaluminum and tricycloalkylaluminum are par 
ticularly preferred. 

[0307] The organic aluminum compound used to prepare 
the aluminoxane may also include an isoprenyl aluminum 
represented by the formula: 

[0308] Wherein x, y and Z are positive numbers, provided 
that 222x. 

[0309] These organic aluminum compounds may be used 
in any combinations of tWo or more thereof. 

[0310] The solvent used in the preparation of the alumi 
noxane may include, for example, hydrocarbon solvents 
including aromatic hydrocarbons, such as benZene, toluene, 
xylene, cumene and cymene; aliphatic hydrocarbons, such 
as pentane, hexane, heptane, octane, decane, dodecane, 
hexadecane and octadecane; alicyclic hydrocarbons, such as 
cyclopentane, cyclohexane, cyclooctane and methylcyclo 
pentane; petroleum fractions, such as gasoline, kerosene and 
gas oil; and halogenated, particularly chlorinated or bromi 
nated, hydrocarbon solvents, such as halogenated products 
of the aforementioned aromatic, aliphatic and alicyclic 
hydrocarbons. Further, ethers such as ethyl ether and tet 
rahydrofuran may also be used. Among these solvents, 
aromatic hydrocarbons are particularly preferred. 

[0311] The compounds [C] capable of reacting With the 
aforementioned metallocene compound [A] to form an ion 
pair may include LeWis acids, ionic compounds, borane 
compounds and carborane compounds described in JP-A-1 
501950, JP-A-1-502036, JP-A-3-179005, JP-A-3-179006, 
J P-A-3-207703 and JP-A-3-207704 and US. Pat. No. 5,321, 
106. 

[0312] The Lewis acids may include magnesium-, alumi 
num- or boron-containing LeWis acids With boron-contain 
ing LeWis acids being preferred. Illustrative examples of the 
boron-containing LeWis acids are compounds represented 
by the folloWing general formula: 

[0313] Wherein R8, R9 and R10 independently represent 
?uorine atom, or phenyl group optionally substituted With a 
substituent or substituents, such as ?uorine atom, methyl or 
tri?uoromethyl group. 

[0314] Examples of the boron-containing LeWis acids 
represented by the general formula above may include 
tri?uoroboron, triphenylboron, tris(4-?uorophenyl)boron, 
tris(3,5-di?uorophenyl)boron, tris(4-?uoromethylphen 
yl)boron, tris(penta?uorophenyl)boron, tris(p-tolyl)boron, 
tris(o-tolyl)boron, and tris(3,5-dimethylphenyl)boron. 
Among these, tris(penta?uorophenyl)boron is particularly 
preferred. 

[0315] The ionic compounds are salts composed of cat 
ionic and anionic compounds. The anion can stabiliZe tran 
sition metallic cation species by reacting With the metal 
locene compound [A] to cationiZe the metallocene 
compound [A] thereby forming an ion pair. Such anions may 



US 2002/0055591 A1 

include organic boron, arsenic and aluminum compound 
anions. Preferred anions are those Which are relatively bulky 
and stabilize the transition metal cationic species. The 
cations may include metallic, organic metallic, carbonium, 
tripium, oxonium, sulfonium, phosphonium, and ammonium 
cations. Illustrative examples thereof may include triphenyl 
carbenium, tributylammonium, N,N-dimethylammonium 
and ferrocenium cations. 

[0316] Preferred ionic compounds may be those having 
organic boron compound anions. Illustrative examples 
thereof include trialkyl-substituted ammonium salts, such as 
triethylammonium tetra(phenyl)boron, tripropylammonium 
tetra(phenyl)boron, tri(n-butyl)ammonium tetra(phenyl)bo 
ron, trimethylammonium tetra(p-tolyl)boron, trimethylam 
monium tetra(o-tolyl)boron, tributylammonium tetra(pen 
ta?uorophenyl)boron, tripropylammonium tetra(2,4 
dimethylphenyl)boron, tributylammonium tetra(3,5 - 
dimethylphenyl)boron, tributylammonium tetra(p 
tri?uoromethylphenyl)boron, tri(n-butyl)ammonium 
tetra(o-tolyl)boron, and tri(n-butyl)ammonium tetra(4-?uo 
rophenyl)boron; N,N-dialkylanilinium salts, such as N,N 
dimethylanilinium tetra(phenyl)boron, N,N-diethyla 
nilinium tetra(phenyl)boron, and N,N-2,4,6 
pentamethylanilinium tetra(phenyl)boron; 
dialkylammonium salts, such as di(n-propyl)ammonium tet 
ra(penta?uorophenyl)boron, and dicyclohexylammonium 
tetra(phenyl)boron; and triarylphosphonium salts, such as 
triphenylphosphonium tetra(phenyl)boron, tri(methylphe 
nyl)phosphonium tetra(phenyl)boron, and tri(dimethylphe 
nyl)phosphonium tetra(phenyl)boron. 
[0317] Also included in the boron atom-containing ionic 
compounds are triphenylcarbenium tetrakis(penta?uorophe 
nyl)borate, N,N-dimethylanilinium tetrakis(penta?uorophe 
nyl)borate, and ferrocenium tetra(penta?uorophenyl)borate. 

[0318] The folloWing ionic compounds containing boron 
atom may also be exempli?ed (in the folloWing ionic 
compounds, the counterion is tri(n-butyl)ammonium but not 
limited thereto): 

[0319] Salts of anions, for example, bis[tri(n-butyl)ammo 
nium]nonaborate, bis[tri(n-butyl)ammonium]decaborate, 
bis[tri(n-butyl)ammonium]undecaborate, bis[tri(n-buty 
l)ammonium]dodecaborate, bis[tri(n-butyl)ammonium]de 
cachloroborate, bis[tri(n-butyl)ammonium]dodecachloro 
dodecaborate, tri(n-butyl)ammonium-l-carbadecaborate, 
tri(n-butyl)ammonium-1-carbaundecaborate, tri(n-buty 
l)ammonium-l-carbadodecaborate, tri(n-butyl)ammonium 
1-trimethylsilyl-1-carbadecaborate, tri(n-butyl)ammonium 
bromo-1-carbadodecaborate. Further, the folloWing borane 
and carborane compounds may be encompassed. These 
compounds are used as LeWis acids and ionic compounds. 

[0320] Examples of the borane compounds, carborane 
complex compounds and salts of carborane anions include, 
for example, decaborane (14), 7,8-dicarbaundecaborane 
(13), 2,7-dicarbaundecaborane (13), undecahydride-7,8 
dimethyl-7,8-dicarbaundecaborane, dodecahydride-11-me 
thyl-2,7-dicarbaundecaborane, tri(n-butyl)ammonium 6-car 
badecaborate (14), tri(n-butyl)ammonium 
6-carbadecaborate (12), tri(n-butyl)ammonium 7-carbaun 
decaborate (13), tri(n-butyl)ammonium 7,8-dicarbaunde 
caborate (12), tri(n-butyl)ammonium 2,9-dicarbaundecabo 
rate (12), tri(n-butyl)ammonium dodecahydride-8-methyl 
7,9-dicarbaundecaborate, tri(n-butyl)ammonium undecahy 
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dride 8-ethyl-7,9-dicarbaundecaborate, tri(n-butyl)ammo 
nium undecahydride-8-butyl-7,9-dicarbaundecaborate, 
tri(n-butyl)ammonium undecahydride-8-allyl-7,9-dicar 
baundecaborate, tri(n-butyl)ammonium undecahydride-9 
trimethylsilyl-7,8-dicarbaundecaborate, tri(n-butyl)ammo 
nium undecahydride-4,6-dibromo-7-carbaundecaborate. 

[0321] Examples of the carborane compounds and salts of 
carboranes may include, for example, 4-carbanonaborane 
(14), 1,3-dicarbanonaborane (13), 6,9-dicarbadecaborane 
(14), dodecahydride-l-phenyl-1,3-dicarbanonaborane, 
dodecahydride-1-methyl-1,3-dicarbanonaborane, undecahy 
dride-1,3-dimethyl-1,3-dicarbanonaborane. 

[0322] Further, the folloWing compounds may be exem 
pli?ed (in the folloWing ionic compounds, the counterion is 
tri(n-butyl)ammonium but not limited thereto): 

[0323] Salts of metallic carboranes and metallic borane 
anions, such as, for example, tri(n-butyl)ammonium bis 
(nonahydride-1,3-dicarbanonaborate)cobaltate (III), tri(n 
butyl)ammonium bis(undecahydride-7,8-dicarbaundecabo 
rate)ferrate (III), tri(n-butyl)ammonium bis(undecahydride 
7,8-dicarbaundecaborate)cobaltate (III), tri(n 
butyl)ammonium bis(undecahydride-7,8 
dicarbaundecaborate)nickelate (III), tri(n-butyl)ammonium 
bis(undecahydride-7,8-dicarbaundecaborate)cuprate (III), 
tri(n-butyl)ammonium bis(undecahydride-7,8-dicarbaunde 
caborate)aurate (III), tri(n-butyl)ammonium bis(nonahy 
dride-7,8-dimethyl-7,8-dicarbaundecaborate)ferrate (III), 
tri(n-butyl)ammonium bis(nonahydride-7,8-dimethyl-7,8 
dicarbaundecaborate)chromate (III), tri(n-butyl)ammonium 
bis(tribromooctahydride-7,8-dicarbaundecaborate)cobaltate 
(III), tri(n-butyl)ammonium bis(dodecahydride dicarba 
dodecaborate)cobaltate (III), bis[tri(n-butyl)ammonium] 
bis(dodecahydride dodecaborate)nickelate (III), tris[tri(n 
butyl)ammonium] bis(undecahydride-7-carbaundecaborat 
e)chromate (III), bis[tri(n-butyl)ammonium] bis(undecahy 
dride-7-carbaundecaborate)manganate (IV), bis[tri(n 
butyl)ammonium] bis(undecahydride-7 
carbaundecaborate)cobaltate (III), bis[tri(n 
butyl)ammonium] bis(undecahydride-7 
carbaundecaborate)nickelate (IV). 
[0324] These compounds [C] may be in any combinations 
of tWo or more thereof. 

[0325] The organic aluminum compounds [D] used in the 
present invention may be represented by, for example, the 
folloWing general formula (a): 

Run/“X3... (a) 
[0326] Wherein R11 is a hydrocarbon group having 1 to 12 
carbon atoms, X is a halogen or hydrogen atom, and n is 1 
to 3. 

[0327] In the formula (a) above, R11 is a hydrocarbon 
group, such as alkyl, cycloalkyl or aryl group, having 1 to 12 
carbon atoms and includes methyl, ethyl, n-propyl, isopro 
pyl, isobutyl, pentyl, hexyl, octyl, cyclopentyl, cyclohexyl, 
phenyl and tolyl groups. 

[0328] Illustrative examples of such organic aluminum 
compounds may include trialkylaluminum, such as trim 
ethylaluminum, triethylaluminum, triisopropylaluminum, 
triisobutylaluminum, trioctylaluminum, tri-2-ethylhexylalu 
minum; alkenylaluminum, such as isoprenylaluminum; 
dialkylaluminum halides, such as dimethylaluminum chlo 
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ride, diethylaluminum chloride, diisopropylaluminum chlo 
ride, diisobutylaluminum chloride, dimethylaluminum bro 
mide; alkylaluminum sesquihalides, such as 
methylaluminum sesquichloride, ethylaluminum ses 
quichloride, isopropylaluminum sesquichloride, butylalumi 
num sesquichloride, ethylaluminum sesquibromide; alkyla 
luminum dihalides, such as methylaluminum dichloride, 
ethylaluminum dichloride, isopropylaluminum dichloride, 
ethylaluminum dibromide; and alkylaluminum hydrides, 
such as diethylaluminum hydride, diisobutylaluminum 
hydride. 
[0329] As the organic aluminum compounds [D], those 
compounds represented by the following formula (b): 

Run/W3... (b) 
[0330] Wherein R11 is as de?ned for R11 in the formula (a) 
above, Y is —OR12, —OSiR13, —OAlR142, —NR152, 
—SiR163 or —N(R17)AlR182 group, n is 1 to 2, R12, R13, R14 
and R18 are methyl, ethyl, isopropyl, isobutyl, cyclohexyl, 
phenyl or the like groups, R15 is hydrogen atom, methyl, 
ethyl, isopropyl, phenyl, trimethylsilyl or the like group, R16 
and R17 are methyl, ethyl or the like groups, may also be 
used. 

[0331] Such organic aluminum compounds may include 
the folloWing compounds: 

[0332] Compounds represented by R11nAl(OR12)3_n, 
including dimethylaluminum methoxide, diethylalumi 
num ethoxide, diisobutylaluminum methoxide, etc.; 

[0333] (ii) Compounds represented by 
R11nAl(OSiR133)3_n, including (C2H5)2Al(OSi(CH3)3), 
(iso-C4H9)2Al(OSi(CH3)3), (iso 
C4H9)2Al(OSi(C2H5)3), etc.; 

[0334] (iii) Compounds represented by 
R11nAl(OAlR142)3_n, including 
(C2H5)2A1(OA1(C2H5)2)> (iSO'C4H9)2A1(OA1(iSO' 
C4H9)2), etc.; 

[0335] (iv) Compounds represented by 
R11nA1(NR152)3_n, including (CH3)2A1(N(C2H5)2), 
(C2H5)2A1(NH(CH3))> (CH3)2A1(NH(C2H5))> 

[0336] (v) Compounds represented by R11nAl(SiR163)3_ 
n, including (iso-C4H9)2Al(Si(CH3)3), etc. 

[0337] Preferred examples may include the organic alu 
minum compounds represented by R113Al, 
R11nAl(OR12)3_n, and 
[01338] R11nAl(OAlR142)3_n. Those compounds Wherein 
R is an isoalkyl group and n=2 are particularly preferred. 
These organic aluminum compounds may be used in any 
combinations of tWo or more thereof. 

[0339] The metallocene catalyst used in the present inven 
tion contains a metallocene compound [A] as aforemen 
tioned. For example, it may be formed from the metallocene 
compound [A] and the organic aluminum oxy compound 
[B], as aforementioned. It may also be formed from the 
metallocene compound [A] and the compound [C] capable 
of reacting With the metallocene compound [A] to form an 
ion pair. Further, it may contain the metallocene compound 
[A], the organic aluminum oxy compound [B], and the 
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compound [C] capable of reacting With the metallocene 
compound [A] to form an ion pair. In these embodiments, it 
is particularly preferred to further use the organic aluminum 
compound 

[0340] In the present invention, the metallocene com 
pound [A] is generally used in an amount of about 0.00005 
to 0.1 mmoles, preferably about 0.0001 to 0.05 mmoles as 
reduced to the transition metal atom per liter of the poly 
meriZation volume. 

[0341] The organic aluminum oxy compound [B] may be 
generally used in an amount of about 1 to 10,000 moles, 
preferably 10 to 5,000 moles of aluminum atom per mole of 
the transition metal atom. 

[0342] The compound [C] capable of reacting With the 
metallocene compound [A] to form an ion pair is generally 
used in an amount of about 0.5 to 20 moles, preferably 1 to 
10 moles of boron atom per mole of the transition metal 
atom. 

[0343] Further, the organic aluminum compound [D] may 
be optionally used in an amount of about 0 to 1,000 moles, 
preferably about 0 to 500 moles per mole of aluminum atom 
in the organic aluminum oxy compound [B] or boron atom 
in the compound [C] forming an ion pair. 

[0344] CopolymeriZation of ethylene, an ot-ole?n having 3 
to 20 carbon atoms and a non-conjugated polyene using such 
a metallocene catalyst as aforementioned may provide the 
straight chain or branched long chain ethylene-ot-ole?n-non 
conjugated polyene copolymer rubber (B) With an excellent 
polymeriZation activity. 

[0345] The catalyst for the manufacture of the copolymer 
rubber (B) is not limited to the aforementioned metallocene 
catalyst, and there can be used other metallocene catalysts, 
V-group transition metal compound catalysts such as vana 
dium catalyst, and titanium non-metallocene catalysts. 

[0346] The vanadium catalyst includes for example the 
catalyst described in JP-A-64(1989)-54010, concretely, 
VOCl2(OC2H5) and VOCl3, and there can be used combi 
nations of these and organic aluminum compounds such as 
dialkylaluminum halide (e.g., diethylaluminum chloride). 
The titanium non-metallocene catalysts include the catalysts 
described for example in JP-A-2-84404. 

[0347] Further, even if ethylene, an ot-ole?n having 3 to 20 
carbon atoms and a non-conjugated polyene are copolymer 
iZed using a V-group transition metal compound catalyst 
such as vanadium catalyst, it is not possible to obtain a 
copolymer rubber with sufficient polymeriZation activity. 

[0348] Furthermore, upon manufacturing, for example, an 
ethylene-1-butene-non-conjugated polyene copolymer rub 
ber and ethylene-propylene-diene copolymer rubber 
(EPDM) using a V-group transition metal compound cata 
lyst, the kind of non-conjugated polyene is mostly limited to 
norbornene ring-containing polyenes such as 5-ethylidene 
2-norbornene (ENB). 

[0349] On the other hand, if a metallocene catalyst is used, 
the non-conjugated polyene is not limited to norbornene 
ring-containing polyenes, and various polyenes, for 
example, linear non-conjugated polyenes such as methyloc 
tadiene (MOD), e.g., 7-methyl-1,6-octadiene can be copo 
lymeriZed. 
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[0350] In the present invention, When ethylene, an ot-ole 
?n having 3 to 20 carbon atoms and a non-conjugated 
polyene are copolymeriZed, the metallocene compound [A], 
organic aluminum oXy compound [B], compound [C] form 
ing an ion pair, and optionally organic aluminum compound 
[D], Which constitute the metallocene catalyst, may be 
separately supplied to a polymeriZation reaction vessel. 
Alternatively, the metallocene catalyst comprising the met 
allocene compound [A] may be preliminarily prepared and 
then subjected to the copolymeriZation reaction. 

[0351] To prepare the metallocene catalyst, a solvent reac 
tively inert With the catalyst components can be used. Such 
an inert solvent used may include aliphatic hydrocarbons, 
such as propane, butane, pentane, hexane, heptane, octane, 
decane, dodecane and kerocene; alicyclic hydrocarbons, 
such as cyclopentane, cycloheXane and methylcyclopentane; 
aromatic hydrocarbons, such as benZene, toluene and 
Xylene; and halogenated hydrocarbons, such as ethylene 
chloride, chlorobenZene and dichloromethane. These sol 
vents may be used alone or in any combination thereof. 

[0352] Generally, the metallocene compound [A], organic 
aluminum oXy compound [B], compound [C] forming an ion 
pair, and organic aluminum compound [D] may be miXed 
and contacted at —100 to 200° C., preferably —70 to 100° C. 

[0353] Generally, the copolymeriZation of ethylene, an 
ot-ole?n having 3 to 20 carbon atoms and a non-conjugated 
polyene may be carried out at 40 to 200° C., preferably 50 
to 150° C., particularly 60 to 120° C., and atmospheric 
pressure to 100 kg/cm2, preferably atmospheric pressure to 
50 kg/cm2, particularly atmospheric pressure to 30 kg/cm2. 

[0354] The copolymeriZation reaction may be carried out 
by a variety of polymeriZation methods, preferably by 
solution polymeriZation Wherein the aforementioned solvent 
may be used as the polymeriZation solvent. 

[0355] The copolymeriZation may be carried out in a 
batch, semi-continuous or continuous mode, preferably in a 
continuous mode. Further, The copolymeriZation may be 
carried out in tWo or more steps With different polymeriZa 
tion conditions from each other. 

[0356] The ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) used in the present invention is 
obtained by the aforementioned method Wherein the 
molecular Weight of the copolymer rubber (B) may be 
controlled by changing the polymeriZation conditions, such 
as polymeriZation temperature, and also by controlling the 
amount of hydrogen used as a molecular Weight controlling 
agent. 

[0357] In the ole?nic thermoplastic elastomer composition 
of the present invention, the ethylene-ot-ole?n-non-conju 
gated polyene copolymer rubber (B) is used in a ratio of 88 
to 38 Wt. parts, preferably 80 to 45 Wt. parts to the total 100 
Wt. parts of a crystalline polyole?n resin (A), an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B) and 
at least one rubber (C) selected from polyisobutylene, butyl 
rubber and a propylene-ethylene copolymer rubber having a 
propylene content of 50 mol % or more or an 
ethylene-a -ole?n copolymer (D) having a density of 0.870 
to 0.940 (g/cm3) and having an ethylene content of 85 mol 
% or more. 

[0358] In the method for manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
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the ethylene-ot-ole?n-non-conjugated polyene copolymer 
rubber (B) is used in a ratio of 90 to 40 Wt. parts, preferably 
80 to 45 Wt. parts to the total 100 Wt. parts of a crystalline 
polyole?n resin (A) and an ethylene-ot-ole?n-non-conju 
gated polyene copolymer rubber 

[0359] Other Rubber Component (C) 

[0360] The ole?nic thermoplastic elastomer composition 
of the present invention contains at least one rubber (C) 
selected from Widely knoWn polyisobutylene, butyl rubber 
and a propylene-ethylene copolymer rubber having a pro 
pylene content of 50 mol % or more. The MFR of the other 
rubber component (C) used in the present invention is in the 
range of 10 or less, preferably 5 or less, more preferably 3 
or less (g/10 min.). The other rubber component (C) of the 
present invention is used in a proportion of 2 to 30 Wt. parts 
to the total 100 Wt. parts of a crystalline polyole?n resin (A), 
ethylene-ot-ole?n-non-conjugated polyene copolymer rub 
ber (B) and at least one rubber (C) selected from polyisobu 
tylene, butyl rubber and propylene-ethylene copolymer rub 
ber having a propylene content of 50 mol % or more. 

[0361] Ethylene-ot-ole?n Copolymer (D) 
[0362] The ethylene-ot-ole?n copolymer (D) used in the 
present invention is a copolymer of 85 or more, preferably 
88 to 99, more preferably 90 to 98 mol % ethylene With an 
ot-ole?n. The ot-ole?n includes for eXample propylene, 
1-butene, 1-pentene, 1-heXene, 1-octene, 1-decene, 2-me 
thyl-l-propene, 3-methyl-1-pentene, 4-methyl-1-pentene 
and 5-methyl-1-heXene. 

[0363] The density of the ethylene-ot-ole?n copolymer (D) 
is 0.870 to 0.940, preferably 0.885 to 0.930, more preferably 
0.900 to 0.930 (g/cm3). 

[0364] The MFR of the ethylene-ot-ole?n copolymer (D) 
used in the present invention is usually 0.1 to 50, preferably 
0.5 to 30, more preferably 1 to 25 (g/10 min.) 

[0365] The ethylene-ot-ole?n copolymer (D) of the present 
invention is used in a proportion of 2 to 40, preferably 5 to 
30Wt. parts to the total 100 Wt. parts of a crystalline 
polyole?n resin (A), ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber (B) and ethylene-ot-ole?n 
copolymer 
[0366] Other Components 

[0367] The ole?nic thermoplastic elastomer composition 
of the present invention can contain, other than the crystal 
line polyole?n resin (A), ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber (B) and other rubber component 
(C) or ethylene-ot-ole?n copolymer (D), a softening agent 
(E) and/or an inorganic ?ller Where deemed necessary. 

[0368] The pertinent composition in the method for manu 
facturing the ole?nic thermoplastic elastomer composition 
of the present invention can contain, other than the crystal 
line polyole?n resin (A) and ethylene-ot-ole?n-non-conju 

gated polyene copolymer rubber (B), a softening agent and/or inorganic ?ller as needed. 

[0369] The softening agents may be any of those 
conventionally used for rubbers. Illustrative examples 
thereof may include petroleum softening agents, such as 
process oil, lubricating oil, paraffin oil, liquid paraffin, 
petroleum asphalt and vaseline; coal tar softening agents, 
such as coal tar and coal tar pitch; fatty oil softening agents, 
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such as castor oil, linseed oil, rape oil, soybean oil and 
coconut oil; tall oil; rubber substitute (factice); Waxes, such 
as beesWaX, carnauba Wax and lanolin; fatty acids and fatty 
acid salts, such as ricinolic acid, palmitic acid, stearic acid, 
barium stearate, calcium stearate and Zinc laurate; naph 
thenic acid; pine oil, rosin and their derivatives; synthetic 
high molecular Weight materials, such as terpene resin, 
petroleum resin, atactic polypropylene and coumarone and 
indene resin; ester softening agents, such as dioctyl phtha 
late, dioctyl adipate and dioctyl sebacate; microcrystalline 
Wax; liquid polybutadiene; modi?ed liquid polybutadiene; 
liquid thiokol; and hydrocarbon synthetic lubricating oils. 

[0370] In the ole?nic thermoplastic elastomer composition 
of the present invention, the softening agent is used 
usually in a ratio of 2 to 100 Wt. parts, preferably 5 to 80 Wt. 
parts to the total 100 Wt. parts of a crystalline polyole?n 
resin (A), an ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) and at least one rubber (C) selected 
from polyisobutylene, butyl rubber and a propylene-ethyl 
ene copolymer rubber having a propylene content of 50 mol 
% or more or an ethylene-ot-ole?n copolymer (D) having a 
density of 0.870 to 0.940 (g/cm3) and having an ethylene 
content of 85 mol % or more. 

[0371] In the method for manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
the softening agent is used usually in a ratio of 2 to 100 
Wt. parts, preferably 5 to 80 Wt. parts to the total 100 Wt. 
parts of a crystalline polyole?n resin (A) and an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber 

[0372] When the softening agent is used in the ratio 
mentioned above, the obtained thermoplastic elastomer 
composition is eXcellent in How property at molding and 
eXhibits good heat resistance and heat aging resistance 
Without the loWering of mechanical properties of molded 
products. 

[0373] The said inorganic ?ller includes, concretely, 
calcium carbonate, calcium silicate, clay, kaolin, talc, silica, 
diatomaceous earth, mica poWder, asbestos, alumina, barium 
sulfate, aluminum sulfate, calcium sulfate, basic magnesium 
carbonate, molybdenum disul?de, graphite, glass ?ber, glass 
balloon, shirasu balloon, basic magnesium sulfate Whisker, 
calcium titanate Whisker and aluminum borate Whisker. 

[0374] In the ole?nic thermoplastic elastomer composition 
of the present invention, the inorganic ?ller is used 
usually in a ratio of 2 to 100 Wt. parts, preferably 2 to 50 Wt. 
parts to the total 100 Wt. parts of a crystalline polyole?n 
resin (A), an ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) and at least one rubber (C) selected 
from polyisobutylene, butyl rubber and a propylene-ethyl 
ene copolymer rubber having a propylene content of 50 mol 
% or more or an ethylene-ot-ole?n copolymer (D) having a 
density of 0.870 to 0.940 (g/cm3) and having an ethylene 
content of 85 mol % or more. 

[0375] In the method of manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
the inorganic ?ller is used usually in a ratio of 2 to 100 
Wt. parts, preferably 2 to 50 Wt. parts to the total 100 Wt. 
parts of a crystalline polyole?n resin (A) and an ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber 
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[0376] When the amount of the inorganic ?ller is in the 
ratio mentioned above, the obtained thermoplastic elastomer 
composition possesses good rubber elasticity and moldabil 
ity. 
[0377] The ole?nic thermoplastic elastomer composition 
of the present invention can contain, other than the crystal 
line polyole?n resin (A), ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber (B), other rubber component (C) 
and/or ethylene-ot-ole?n copolymer (D), softening agent 
and inorganic ?ller (F), an ethylene-propylene copolymer 
rubber (EPR) having an ethylene content of beloW 85 mol % 
and an ethylene-propylene-non-conjugated copolymer rub 
ber (EPDM). The eXample of the ethylene-propylene-non 
conjugated copolymer rubber includes ethylene-propylene 
5-ethylidene-2-norbornene copolymer rubber and ethylene 
propylene-dicyclopentadiene copolymer rubber 
[0378] In the ole?nic thermoplastic elastomer composition 
of the present invention, When the ethylene-propylene 
copolymer rubber (EPR) and ethylene-propylene-non-con 
jugated diene copolymer rubber (EPDM) as above-men 
tioned are used, these are used usually in a ratio of 10 to 200 
Wt. parts, preferably 20 to 150 Wt. parts to the total 100 Wt. 
parts of a crystalline polyole?n resin (A), an ethylene-ot 
ole?n-non-conjugated polyene copolymer rubber (B) and at 
least one rubber (C) selected from polyisobutylene, butyl 
rubber and a propylene-ethylene copolymer rubber having a 
propylene content of 50 mol % or more or an ethylene-ot 
ole?n copolymer (D) having a density of 0.870 to 0.940 
(g/cm3) and having an ethylene content of 85 mol % or 
more. 

[0379] The pertinent composition in the method for manu 
facturing the ole?nic thermoplastic elastomer composition 
of the present invention can contain, other than the crystal 
line polyole?n resin (A) and ethylene-ot-ole?n-non-conju 

gated polyene copolymer rubber (B), softening agent and inorganic ?ller (F), other rubbers such as polyisobuty 

lene, butyl rubber, propylene-ethylene copolymer rubber 
and ethylene-propylene copolymer rubber. These rubbers 
can be used singly or in a combination of tWo or more. 

[0380] In the method of manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
When the other rubbers as above-mentioned are used, they 
are used usually in a ratio of 2 to 200 Wt. parts, preferably 
5 to 150 Wt. parts to the total 100 Wt. parts of a crystalline 
polyole?n resin (A) and an ethylene-ot-ole?n-non-conju 
gated polyene copolymer rubber 
[0381] Further, the ole?nic thermoplastic elastomer com 
position can contain heretofore knoWn heat stabiliZers, age 
resistors, Weather resisting agents, anti-static agents, metal 
soaps and lubricants such as Wax in such a range not to 
damage the object of the present invention. 

[0382] The ole?nic thermoplastic elastomer composition 
of the present invention is obtained by dynamically heat 
treating and crosslinking a miXture in the presence of the 
organic peroXide mentioned beloW, Which mixture com 
prises a crystalline polyole?n resin (A), ethylene-ot-ole?n 
non-conjugated polyene copolymer rubber (B), other rubber 
component (C) or ethylene-ot-ole?n copolymer (D), and 
softening agent and/or inorganic ?ller incorporated 
Where deemed necessary. 

[0383] The pertinent composition in the method for manu 
facturing the ole?nic thermoplastic elastomer composition 
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of the present invention is obtained by dynamically heat 
treating and crosslinking a mixture, in the presence of a 
crosslinking agent, preferably the beloW-mentioned organic 
peroxide, of a crystalline polyole?n resin (A) and ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B), and 
softening agent and/or inorganic ?ller incorporated 
Where deemed necessary. 

[0384] Herein, “dynamically heat treating” means knead 
ing in the molten state. 

[0385] The organic peroxide used in the present invention 
includes, concretely, dicumyl peroxide, di-tert-butyl perox 
ide, 2,5-dimethyl-2,5-di-(tert-butylperoxy)hexane, 2,5-dim 
ethyl-2,5-di-(tert-butylperoxy)hexyne-3,1,3-bis(tert-butylp 
eroxyisopropyl)benZene, 1,1-bis(tert-butylperoxy)-3,3,5 
trimethylcyclohexane, n-butyl 4,4-bis(tert 
butylperoxy)valerate, benZoyl peroxide, p-chlorobenZoyl 
peroxide, 2,4-dichlorobenZoyl peroxide, tert-butyl peroxy 
benZoate, tert-butylperoxyisopropylcarbonate, diacetyl per 
oxide, lauroyl peroxide and tert-butyl cumyl peroxide. 

[0386] Of these, in the vieWpoint of odor and scorch 
stability preferred are 2,5-dimethyl-2,5-di-(tert-butylper 
oxy)hexane, 2,5-dimethyl-2,5-di-(tert-butylperoxy)hex 
yne-3 and 1,3-bis(tert-butylperoxyisopropyl)benZene. 
Among these, 2,5-dimethyl-2,5-di-(tert-butylperoxy)hexane 
is most preferable. 

[0387] In the ole?nic thermoplastic elastomer composition 
of the present invention, the organic peroxide is used in an 
amount of usually 0.02 to 3 Wt. parts, preferably 0.05 to 1 Wt. 
part to the total 100 Wt. parts of the Whole to be treated, that 
is, crystalline polyole?n resin (A) plus ethylene-ot-ole?n 
non-conjugated polyene copolymer rubber (B) plus other 
rubber component (C) or ethylene-ot-ole?n copolymer 

[0388] In the method for manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
the organic peroxide is used in such an amount to be usually 
0.02 to 3 Wt. parts, preferably 0.05 to 1 Wt. part to the total 
100 Wt. parts of the Whole to be treated, that is, crystalline 
polyole?n resin (A) and ethylene-ot-ole?n-non-conjugated 
polyene copolymer rubber (B) and other rubbers such as 
polyisobutylene, butyl rubber and propylene-ethylene 
copolymer rubber Which are incorporated as needed. 

[0389] Determining the formulation amount of the organic 
peroxide to be the above-mentioned range yields a suitable 
degree of crosslinking and also affords suf?cient heat resis 
tance, tensile properties, elastic recovery, impact resilience 
and moldability. 

[0390] Further, as crosslinking agent, a phenol resin can be 
used. 

[0391] In the ole?nic thermoplastic elastomer composition 
of the present invention, the amount used of the phenol resin 
is usually 1 to 20 Wt. parts, preferably 2 to 15 Wt. parts, more 
preferably 3 to 12 Wt. parts to the total 100 Wt. parts of the 
Whole to be treated, that is, crystalline polyole?n resin (A) 
and ethylene-ot-ole?n-non-conjugated polyene copolymer 
rubber (B) and other rubber component (C) or ethylene-ot 
ole?n copolymer 

[0392] In the method for manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
the amount used of the phenol resin is usually 1 to 20 Wt. 
parts, preferably 2 to 15 Wt. part, more preferably 3 to 12 Wt. 
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parts against the total 100 Wt. parts of the Whole to be 
treated, that is, crystalline polyole?n resin (A) plus ethylene 
ot-ole?n-non-conjugated polyene copolymer rubber (B) plus 
other rubbers such as polyisobutylene, butyl rubber and 
propylene-ethylene copolymer rubber Which are incorpo 
rated as needed. 

[0393] In the present invention, upon crosslinking treat 
ment by said organic peroxides, there can be incorporated 
peroxy crosslinking aids such as sulfur, p-quinone dioxime, 
p,p‘-dibenZoylquinone dioxime, N-methyl-N-4-dinitrosoa 
niline, nitrosobenZene, diphenylguanidine and trimethylol 
propane-N,N‘-m-phenylene dimaleimide, or divinylben 
Zene, triallycyanurate, polyfunctional methacrylate 
monomers such as ethylene glycol dimethacrylate, diethyl 
ene glycol dimethacrylate, polyethylene glycol dimethacry 
late, trimethylolpropane trimethacrylate and ally methacry 
late, and polyfunctional vinyl monomers such as vinyl 
butylate and vinyl stearate. 

[0394] By using the above compounds, uniform and mild 
crosslinking reaction can be expected. Particularly, in the 
present invention, divinylbenZene is most preferable. Divi 
nylbenZene, since being easy to handle, since being good in 
compatibility With the crystalline polyole?n resin (A) and 
ethylene-ot-ole?n-non-conjugated polyene copolymer rub 
ber (B) Which consitute the main component for crosslinking 
treatment, and since having a function of dissolving organic 
peroxides to Work as dispersant thereof, produces the effect 
that the crosslinking by heat treatment is uniform to result in 
a thermoplastic elastomer composition balanced in How and 
physical properties. 

[0395] The compounds such as the above-mentioned 
crosslinking aids or polyfunctional vinyl monomers are used 
in an amount of usually 2 or less Wt. parts, preferably 0.3 to 
1 Wt. parts to the total 100 Wt. parts of the Whole to be 
treated. 

[0396] To accelerate the decomposition of the organic 
peroxide, there can be used such decomposition accelerators 
as tertiary amines such as triethylamine, tributylamine and 
2,4,6-tri(dimethylamino)phenol and naphthenates of alumi 
num, cobalt, vanadium, copper, calcium, Zirconium, man 
ganese, magnesium, lead and mercury. 

[0397] The dynamic heat treatment of the present inven 
tion is preferably conducted using a non-open type equip 
ment, for example, mixing roll, intensive mixer (e.g., Bum 
bury’s mixer, kneader) and single or tWin screW extruder, 
particularly tWin screW extruder being more preferable. 
Further, the treatment is desirably conducted under the 
atmosphere of inert gas such as nitrogen and carbon dioxide. 
The temperature of the heat treatment is, being up to 300° C. 
When the melting point of the crystalline polyole?n resin (A) 
is taken into consideration, usually 150 to 280° C., prefer 
ably 170 to 270° C. The kneading time is usually 1 to 20, 
preferably 1 to 10 minutes. The applied shear force is 10 to 
100,000 sec-1 in terms of the maximum shear rate generated 
in extruder, usually 100 to 50,000, preferably 1,000 to 
10,000, more preferably 2,000 to 7,000 sec-1. 

[0398] Further, the dynamic heat treatment of the present 
invention is preferably conducted according to the condi 
tions shoWn in the folloWing formula, 
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[0399] wherein T is a resin temperature (° C.) at the 
die exit of extruder, X is a screw diameter of extruder 
(mm), Y is a maximum shear rate generated in 
extruder (sec-1), and Z is an extrusion amount (kg/ 
h). 

[0400] The maximum shear rate (Y) generated in extruder 
is shown in the following formula, 

(screw revolution per second (rps)]/(narrowest dis 
tance of clearance between barrel inside wall and 
kneading segment of screw) 

[0401] With the above-mentioned dynamic heat treatment, 
there is obtained a crosslinked ole?nic thermoplastic elas 
tomer composition composed of the crystalline polyole?n 
resin (A), ethylene-ot-ole?n-non-conjugated polyene 
copolymer rubber (B) and, though used where deemed 
necessary, other rubber component (C) or ethylene-ot-ole?n 
copolymer 
[0402] In the method of manufacturing the ole?nic ther 
moplastic elastomer composition of the present invention, 
by dynamic heat treatment according to the speci?ed con 
ditions shown in the foregoing formula, there is obtained an 
ole?nic thermoplastic elastomer composition which is 
excellent in tensile strength, tensile elongation at break and 
compression set which are the important properties as a 
thermoplastic elastomer composition. 

[0403] In the present invention, that a thermoplastic elas 
tomer composition is crosslinked means the case where the 
gel content measured by the following method is preferably 
20 wt. % or more, more preferably 45 wt. % or more. 

[0404] Measurement of Gel Content: 

[0405] Athermoplastic elastomer composition sample 100 
mg is taken, out into small pieces of 0.5 mm><0.5 mm><0.5 
mm, dipped in 30 ml cyclohexane in a closed container at 
23° C. for 48 hours, then taken out on a ?lter paper and dried 
at room temperature for more than 72 hours until a constant 
weight is obtained. From the weight of the residue after 
drying there are subtracted the weight of all the cyclohexane 
insoluble components (?brous ?ller, ?ller, pigment, etc.) 
other than the polymer component and the weight of the 
crystalline polyole?n resin (A) in the sample before cyclo 
hexane immersion. The value obtained thus is named “cor 
rected ?nal weight (Y)”. 

[0406] On the other hand, the weight of the ethylene-ot 
ole?n-non-conjugated polyene copolymer rubber (B) in the 
sample is named “corrected initial weight (X)”. 

[0407] The gel content is obtained by the following for 
mula. 

Gel content [Wt.%]=[corrected ?nal weight (Y)/cor— 
rected initial weight (X)]><1OO 

[0408] The ole?nic thermoplastic elastomer composition 
of the present invention is superior in tensile strength and 
tensile elongation at break compared to the hitherto obtained 
ole?nic thermoplastic elastomer composition. 

[0409] According to the method for manufacturing the 
ole?nic thermoplastic elastomer composition of the present 
invention, the invention can provide an ole?nic thermoplas 
tic elastomer composition excellent in tensile strength, ten 
sile elongation at break and compression set compared to the 
conventional ole?nic thermoplastic elastomer composition. 
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[0410] This speci?cation includes part or all of the con 
tents as disclosed in the speci?cations of Japanese Patent 

Applications Nos. 11(1999)-181023, 11(1999)-181025 and 
11(1999)-181026, which are the base of the priority claim of 
the present application. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0411] The present invention is explained by means of 
examples hereinafter, but these examples are not to be 
considered as limiting the scope of the invention. 

[0412] The methods of the physical property measurement 
conducted on the ole?nic thermoplastic elastomer compo 
sitions in Examples and Comparative examples are as fol 
lows. 

[0413] [Physical Property Measuring Method] 

[0414] (1) JIS-A hardness: Hardness was measured 
according to JIS K6301. 

[0415] (2) Tensile strength: Tensile strength at break 
was measured according to JIS K6301 using a speed of 
200 mm/min. (unit:kg/cm2) 

[0416] (3) Tensile elongation: Tensile elongation at 
break was measured according to JIS K6301 using a 
speed of 200 mm/min. (unit:%) 

[0417] (4) Compression set: Compression set was mea 
sured according to JIS K6301 after subjection to 25% 
compression at 70° C. for 22 hours. (unit: %) 

PREPARATION EXAMPLE 1 

Production of 
Ethylene-1-butene-5-ethylidene-2-norbornene 

Copolymer Rubber (B-1) 

[0418] (1) Preliminary Contact of Zirconium Compound 
and Methyl Alumoxane and Preparation of Catalytic Solu 
tion 

[0419] Apredetermined amount of a Zirconium compound 
(rac-dimethylsilylene-bis(2-methyl-4-phenyl-1-indenyl)Zir 
conium dichloride) and a solution of methyl alumoxane in 
toluene (1.2 milligram atom/ml as reduced to aluminum 
atom) were mixed by stirring in dark at room temperature for 
30 minutes to prepare a toluene solution in which the 
Zirconium compound and methyl alumoxane were dis 
solved. The toluene solution had a Zr concentration of 0.004 
mmoles/ml and a methyl alumoxane concentration of 1.2 
milligram atom/ml as reduced to aluminum atom. 

[0420] Then, to this toluene solution, 5 volumes of hexane 
relative to toluene was added under stirring to prepare a 
catalytic solution having the following Zr concentration and 
methyl alumoxane concentration, which was used as a 
catalyst for polymeriZation reaction: 

[0421] Zr concentration: 0.00067 mmole/ml (=0.67 
mmole/liter); 

[0422] Methyl alumoxane concentration (as reduced to 
aluminum atom): 0.20 mmole/ml (=200 mmole/liter). 
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[0423] (2) Polymerization 
[0424] Using a 15 liter stainless polymerization vessel 
equipped With a stirring blade, copolymeriZation of ethyl 
ene, 1-butene and 5-ethylidene-2-norbornene (hereinafter 
referred also to “ENB”) Was continuously effected in the 
presence of the polymeriZation catalyst of (1) above. 

[0425] Thus, into the polymeriZation vessel, 3.185 liters 
per hour of dehydrated and puri?ed hexane, 0.67 liter per 
hour of the catalytic solution, 0.3 liters per hour of a solution 
of triisobutylaluminum in hexane (concentration of 17 
mmole/liter) and 1.5 liters per hour of a solution of ENB in 
hexane (concentration of 0.02 liter/liter) Were continuously 
supplied through the top of the polymeriZation vessel. 

[0426] Further, 200 liters per hour of ethylene and 155 
liters per hour of 1-butene Were continuously supplied into 
the copolymeriZation vessel through the top thereof. This 
polymeriZation reaction Was effected at 80° C. With an 
average residence time of one hour (i.e., polymeriZation 
scale of 5 liters). 

[0427] The polymeriZation mixture Was extracted from the 
bottom of the polymeriZation vessel and a small amount of 
methanol Was added to stop the polymeriZation reaction. The 
mixture Was then subjected to steam stripping to separate the 
copolymer from the solvent, Which Was then dried under a 
reduced pressure (100 mmHg) at 100° C. for 24 hours. 

[0428] In the above procedures, ethylene-1-butene-ENB 
copolymer rubber (copolymer rubber (B-1)) Was obtained at 
a yield of 250 g per hour. The resulting copolymer rubber 
(B-1) had the folloWing properties: 

[0429] Molar ratio of units derived from ethylene to 
units derived from 1-butene (ethylene/1-butene): 
79/21; 

[0430] (ii) Iodine value based on ENB: 13; 

[0431] (iii) Intrinsic viscosity [1]] as measured in deca 
lin at 135° C.: 2.6 dl/g; 

[0432] (iv) Intensity ratio D of Tot[3 to Totot in 13C 
NMR spectrum: <0.01; 

[0433] (v) B value: 1.1; 

[0434] (vi) Glass transition temperature (Tg) obtained 
by DSC: —56° C.; 

[0435] (vii) gr]* value: 0.67. 

PREPARATION EXAMPLE 2 

Preparation of 
Ethylene-1-butene-5-ethylidene-2-norbornene 

Copolymer Rubber (B-2) 

[0436] An ethylene-1-butene-ENB copolymer rubber [co 
polymer rubber (B-2) ] Was obtained in the same manner as 
Preparation Example 1 except for using rac-dimethylsi 
lylene-bis(2-ethyl-4-isopropyl-7-methyl-1-indenyl)Zirco 
nium dichloride in place of the Zirconium compound used in 
Preparation Example 1 (1) (i.e., rac-dimethylsilylene-bis(2 
methyl-4-phenyl-1-indenyl)Zirconium dichloride.). The 
properties of the obtained copolymer rubber (B-2) are shoWn 
in the folloWing. 
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[0437] Molar ratio of units derived from ethylene to 
units derived from 1-butene (ethylene/l-butene): 79/21 

[0438] (ii) Iodine value based on ENB: 10 

[0439] (iii) Intrinsic viscosity [1]] as measured in deca 
lin at 135° C.: 2.7 dl/g 

[0440] (iv) Intensity ratio D of Tot[3 to Totot in 13C 
NMR spectrum: <0.01 

[0441] (v) B value: 1.1 
[0442] (vi) Glass transition temperature (Tg) obtained 

by DSC: —56° C. 

[0443] (vii) gn* value: 0.98 
PREPARATION EXAMPLE 3 

Preparation of 
Ethylene-propylene-5-vinyl-2-norbornene 

Copolymer Rubber (B-3) 
[0444] Using a stainless polymeriZation reactor having a 
substantial content volume of 100 liter Which is equipped 
With a stirring blade (rotation: 250 rpm), there Was con 
ducted continuous copolymeriZation of ethylene, propylene 
and 5-vinyl-2-norbornene. 

[0445] Namely, into the liquid phase from the side of the 
polymeriZation reactor there Were continuously supplied 
dehydrated and puri?ed hexane at 60 L/hour, ethylene at 3.6 
kg/hour, propylene at 3.0 kg/hour, 5-vinyl-2-norbornene at 
320 g/hour, hydrogen at 40 L/hour, as catalyst (a) VOCl3 at 
32 millimol/hour, (b) diethylaluminum chloride (Al(Et)2Cl) 
at 160 millimol/hour and Al(Et)1_5Cl1_5 at 32 millimol/hour. 
The copolymeriZation Was conducted at 40° C. 

[0446] The copolymeriZation according to the said condi 
tions gave an ethylene-propylene-5-vinyl-2-norbornene 
copolymer in the state of a homogeneous solution. A small 
quantity of methanol Was added in the polymeriZation 
solution continuously extracted from the bottom of the 
polymeriZation reactor to terminate the polymeriZation reac 
tion, and the copolymer, after separated from the solvent by 
steam stripping treatment, Was dried under reduced pressure 
at 55° C. for 48 hours. 

[0447] The properties of the copolymer rubber (B-3) 
obtained as above-mentioned are shoWn in the folloWing. 

[0448] Molar ratio of units derived from ethylene to 
units derived from propylene (ethylene/propylene): 
75/25 

[0449] (ii) Iodine value based on 5-vinyl-2-norbornene: 
8.5 

[0450] (iii) Intrinsic viscosity [1]] as measured in deca 
lin at 135° C.: 2.81 dl/g 

[0451] (iv) Intensity ratio D of Tot[3 to Totot in 13C 
NMR spectrum: <0.01 

[0452] (v) B value: 1.0 
[0453] (vi) Glass transition temperature (Tg) obtained 

by DSC: —53° C. 

[0454] (vii) gn* value: 0.81 
PREPARATION EXAMPLE 4 

Preparation of 
Ethylene-propylene-5-ethylidene-2-norbornene 

Copolymer Rubber (B-4) 
[0455] Using the knoWn vanadium catalyst 
(VOCl2(OC2H5)), copolymeriZation carried out of ethylene, 










